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DIVISION  OF  THE  ROCKY  MOUNTAINS, 

Washington,  I).  C.,  October  1,  1885. 

SIK  :  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a  report 
on  the  Geology  and  Mining  Industry  of  Leadville,  Colorado. 

To  yourself,  and  to  the  Hon.  Clarence  King,  under  whose  direction 
this  investigation  was  commenced,  I  am  greatly  indebted  for  the  facilities 
and  kind  encouragement  that  have  always  been  afforded  to  those  engaged 
in  its  prosecution. 

Very  respectfully,  your  obedient  servant, 

S.  F.  EMMONS, 

Geologist-in-  Charge. 
Hon.  J.  W.  POWELL, 

Director  United  Slates  Geological -Sarvey,  Washington,  D.  C. 


PREFACE. 


The  present  work  was  undertaken  at  the  instance  of  the  Hon.  Clarence 
King,  first  Director  of  the  United  States  Geological  Survey,  in  1879.  It 
was  his  intention  that  it  should  form  part  of  a  series  of  monographs  which 
would  in  time  include  all  the  important  mining  districts  of  the  country,  and 
thus  furnish  an  accurate  and  permanent  record  of  the  manner  of  occurrence 
and  geological  relations  of  the  metallic  deposits  of  the  United  States,  as  well 
as  of  all  substantial  improvements  in  the  methods  of  obtaining  the  metals 
from  their  ores. 

In  preparing  such  a  monograph  the  general  plan  adopted  was :  first,  to 
obtain  an  accurate  knowledge  of  the  geological  structure  of  the  region  and 
of  the  various  rocks  of  which  it  is  made  up  ;  next,  to  study  thoroughly  the 
ore  deposits  in  their  varied  relations  to  the  inclosing  rocks ;  and,  finally,  to 
investigate  any  methods  of  extraction  or  of  reduction  of  the  ores  that  pre- 
sented new  or  unusual  features,  without  wasting  time  upon  what  was  already 
so  well  known  as  to  require  no  further  comment.  Various  circumstances 
rendered  such  modifications  of  this  plan  necessary  in  the  present  case  that 
the  various  stages  of  the  work  could  not  always  be  carried  on  in  their  log- 
ical sequence.  The  great  altitude  of  the  region  and  consequent  inclemency 
of  its  climate  practically  prevented  surface  work  being  carried  on  to  ad- 
vantage during  eight  months  of  the  year.  The  organization  of  the  Survey 
was  as  yet  incomplete,  and  assistants  familiar  with  this  class  of  work  could 
not  immediately  be  obtained ;  moreover,  a  year  elapsed  after  the  inception 
of  the  work  before  laboratory  facilities  could  be  obtained  which  rendered 
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it  possible  to  carry  on  the  chemical  investigations  that  form  one  of  its  most 
important  and  essential  features.  The  first  want  was  accurate  and  detailed 
topographical  maps,  which  are  more  than  usually  indispensable  in  the 
vicinity  of  Leadville,  where  the  entire  rock  surface  is  covered  by  ddbris,  and 
the  geological  structure  had  to  be  reconstructed  by  gathering  into  a  con- 
nected whole  the  data  derived  from  thousands  of  isolated  shafts  and  tunnels 
which  had  penetrated  below  the  surface  accumulations. 

This  want  was  supplied  by  Chief  Topographer  A.  D.  Wilson,  the  une- 
qualed  accuracy  and  rapidity  of  whose  work  can  only  be  adequately  appre- 
ciated by  those  who  have  had  occasion,  as  we  had,  to  put  it  to  the  test  of 
actual  instrumental  verification.  The  field  work  of  the  map  of  Leadville  and 
vicinity  was  completed  by  him  and  his  two  assistants  during  the  months  of 
August  and  September,  1879,  and  that  of  the  map  of  Mosquito  Range  during 
part  of  July,  August,  and  September,  1880. 

In  December,  1879, 1  commenced  the  study  of  the  ore  deposits  of  Lead- 
ville. In  this  I  received  most  invaluable  aid  from  Mr.  Ernest  Jacob,  grad-  ' 
uate  of  the  Royal  School  of  Mines  of  London,  who,  working  at  first  as 
volunteer,  rendered  most  continuous  and  unwearied  service  during  the  whole 
continuance  of  the  investigation  To  his  keen  insight  into  the  intricacies 
of  geological  structure,  his  untiring  energy  in  exploring  every  accessible 
prospect-hole  in  the  region,  and  his  accurate  appreciation  of  the  bearing 
of  the  data  thus  gathered,  is  attributable  in  great  measure  the  successful 
unraveling  of  the  complicated  problem  presented  in  the  region  represented 
on  the  map  of  Leadville  and  vicinity.  So  complicated  a  region,  I  make 
bold  to  say,  it  rarely  falls  to  the  lot  of  a  geologist  to  study  in  detail. 

In  July,  1880,  it  was  first  practicable  to  undertake  the  study  of  the 
high  mountain  region  represented  on  the  map  of  the  Mosquito  Range. 
Here  geological  and  topographical  field  work  went  hand  in  hand,  and  my 
party  worked  together  with  that  of  Mr.  Wilson  until  heavy  snows  at  the 
end  of  September  put  an  end  to  outside  work.  In  this  field  work  I  had 
the  assistance  of  Mr.  Whitman  Cross,  who  had  made  a  special  study  of 
microscopical  petrography  under  Professor  Zirkel,  of  Leipzig,  and  of  Prof. 
Arthur  Lakes,  of  the  School  of  Mines  at  Golden,  Colo.,  who  devoted  his 
summer  vacation  to  this  work.  To  Mr.  Cross,  who,  like  Mr.  Jacob,  first 
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joined  the  Survey  as  volunteer  assistant,  was  intrusted  the  final  petro- 
graphical  determination  of  all  the  crystalline  rocks  of  the  region,  and  the 
great  value  of  his  subsequent  investigations  in  the  field  of  petrography  and 
mineralogy  have  fully  justified  the  confidence  thus  placed  in  his  ability. 

In  the  autumn  of  1880  the  corps  was  increased  by  the  addition  of  Mr. 
W.  F.  Hillebrand,  who  had  already  distinguished  himself  by  his  original 
investigations  in  inorganic  chemistry  in  the  laboratory  of  Professor  Bunsen 
at  Heidelberg;  under  his  direction  a  laboratory  was  prepared  at  Denver  in 
connection  with  the  headquarter  offices  of  this  division  of  the  Survey. 

During  the  summer  I  was  fortunate  enough  to  secure  the  services  of 
Mr.  Antony  Guyard,  a  former  pupil  of  the  Ecole  des  Mines,  and  for  twelve 
years  chemist  at  the  well  known  metallurgical  works  of  Johnson  &  Mattey, 
London.  At  my  request  Mr.  Guyard  undertook  the  labor  of  making  a 
chemical  investigation  of  the  processes  of  lead  smelting  as  conducted  at 
the  various  Leadville  smelters.  His  sudden  death  at  Paris,  which  was 
closely  followed  by  that  of  his  brother  Stanislas,  the  distinguished  French 
Orientalist,  prevented  the  personal  revision  of  his  report  which  I  could  have 
desired  him  to  make;  and  in  that  which  was  made  by  Mr.  Hillebrand  and 
myself  we  have  not  always  felt  justified  in  making  modifications  which 
might  have  been  judged  advisable  could  we  have  discussed  the  points  with 
the  author  himself.  Beyond  the  correction  of  a  few  clerical  errors  it  is  pre- 
sented substantially  in  the  form  in  which  it  was  left  by  him. 

In  November,  1880,  Messrs.  Hillebrand  and  Guyard  commenced  their 
respective  chemical  investigations,  the  one  of  the  rocks  and  ores,  the  other 
of  the  furnace  products  of  Leadville,  in  the  laboratory  at  Denver. 

Mr.  W.  H.  Leffingwell,  with  the  assistance  of  Mr.  Jacob,  completed  the 
Leadville  map  during  the  latter  part  of  1880  by  the  accurate  location  of 
various  shafts  and  tunnels,  to  the  number  of  nearly  a  thousand,  found 
necessary  for  the  determination  of  the  geological  outlines,  an  extremely 
laborious  undertaking,  carried  on  as  it  was  at  times  with  15  to  20  feet  of 
snow  on  the  ground. 

About  the  same  time  the  topography  and  underground  workings  of  the 
maps  of  Iron,  Carbonate,  and  Fryer  Hills  were  prepared  under  my  direc- 
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tion  by  Messrs.  H.  Huber  &  Co.,  F.  G.  Bulkley  &  Co.,  and  George  H. 
Robinson  &  Co.,  respectively. 

From  June,  1880,  to  June,  1881,  my  time  was  partially  taken  up  in 
tb^  supervision  and  direction  of  experts  employed  under  the  authority  of 
the  Superintendent  of  the  Census  in  making  an  investigation  into  the  "Sta- 
tistics and  Technology  of  the  Precious  Metals  "  in  the  Rocky  Mountains. 

From  the  close  of  field  work  in  the  summer  of  1880  to  May,  1881,  I 
was  mainly  occupied  with  Mr.  Jacob  in  completing  the  examination  of  the 
mines  and  deposits  of  Leadville  In  this  work  we  received,  with  a  single 
exception,  the  most  courteous  treatment  from  mine  owners  and  superin- 
tendents, who  not  only  opened  their  mines  freely  to  our  inspection  and  per- 
mitted the  use  of  the  maps  of  their  underground  workings,  but  also  aided 
us  materially  in  many  cases  by  the  information  they  furnished  from  their 
own  every-day  experience  To  these  gentlemen,  individually  and  collect- 
ively, I  return  my  most  hearty  thanks,  as  well  for  the  services  above 
mentioned  as  for  the  confidence  thereby  displayed  in  the  disinterestedness 
of  our  motives  and  our  wish  to  be  of  service  to  the  mining  public  in  gen- 
eral without  favoring  unduly  any  individual  or  corporation. 

During  the  summer  of  1881  the  individual  members  of  the  corps,  aided 
by  Messrs.  Morris  Bien  and  W.  B  v.  Richthofen,  were  occupied  in  collating 
the  results  obtained,  and  in  the  preparation  of  the  various  maps  and  illus- 
trations for  the  engraver,  and  by  autumn  the  work  was  so  far  completed 
that  I  was  enabled  to  embody  the  principal  results  arrived  at  in  an  abstract 
published  in  the  Second  Annual  Report  of  the  Director  of  the  Survey. 

During  the  time  that  has  elapsed  since  the  publication  of  that  abstract 
the  development  of  the  Leadville  mines  has  proceeded  with  rapid  strides, 
and  already  the  ores  are  changing  from  carbonates  and  chlorides  to  sul- 
phides. In  other  respects  also  these  developments  have  afforded  most 
gratifying  confirmation  of  the  general  accuracy  of  the  geological  outlines 
given  on  the  accompanying  maps  and  sections.  Even  had  it  been  other- 
wise, it  would  have  been  impracticable  to  have  changed  what  had  long  since 
been  engraved.  In  the  press  of  other  work  it  was  not  possible  to  attempt 
another  examination  of  the  field,  and  therefore  in  the  final  revision  of  this 
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long-delayed  material  the  changes  have  been  mainly  confined  to  condens- 
ing and  leaving  out  what  has  in  a  measure  lost  its  value  by  the  lapse  of 
time.  Where  new  facts  have  been  obtained,  they  have  been  inserted  in 
notes.  The  report  as  it  now  stands  is  therefore  essentially  that  which  was 
prepared  four  years  ago,  and  as  such  it  should  be  criticised  by  those  who  have 
occasion  to  read  it. 

S.  F.  EMMONS. 
WASHINGTON,  October  1,  1885. 
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ERRATA  IN  ATLAS  SHEETS. 

SHEET  VI.  Blue  section  line  BB  should  run  through  the  summit  of  Mount  Lincoln  and  thence  to  sum- 
mit of  Mount  Cameron,  instead  of  direct  to  latter  from  point  on  east  spur. 
VII.  The  line  of  the  Mike  fault  should  not  bo  continued  south  of  Empire  gulch. 
XII  and  XIV.  The  blue  line,  showing  the  course  of  the  Starr  ditch  north  of  California  gulch, 

has  been  omitted ;  the  names  give  an  approximate  idea  of  its  position. 
XIII.  Color  on  small  block  of  Blue  Limestone  at  Comstock  tunnel  (L-38)  has  been  left  out. 
XV.  "Ditch"  just  west  of  Sequa  shaft  should  be  "Little  Evans  gulch." 
XXI.  Section  JJ,  "  Iowa  gulch  fault,"  should  be  "Iowa  fault." 

XXIII.  Parallel  linings  to  denote  "  inclines"  have  been  omitted  on  Silver  Wave  claim. 
XXV.  Section  FF,  "California  fault,"  should  be  "  Dome  fault." 
XXX.  Section  GG,  "  White  Porphyry  "  color  nnder  drift  east  from  upper  shaft  of  Yankee  Doodle 

mine,  should  have  been  that  of  "  vein  material." 
XXXI.  Shaft  "  Carboniferous  No.  7"  should  be  "Carboniferous  No.  1." 

Shaft  "Little  Chief  No.  3"  (southernmost)  should  be  "Little  Chief  No.  5." 

Shaft  "Little  Pittsburgh  No.  3"  (near  E,  boundary  line,  and  just  north  of  dike),  "No. 

3"  left  out. 

Shaft  Climax  No.  2  (near  E,  boundary  line,  and  line  of  section),  "No.  2"  left  out. 
XXXV.  F-10  "  Leavenworth  "  should  be  "  Lawrence." 
M-5  "Beecher"  should  be  "Belcher." 


BRIEF  OUTLINE  OF  RESULTS. 

GEOLOGY. 

The  Mosquito  Range,  the  study  of  whose  geological  structure  formed  a  necessary  basis  for  that  of 
the  ore  deposits  of  the  Leadville  region,  is  the  western  boundary  of  the  South  Park,  and  has  thus  been 
considered  from  a  topographical  standpoint  to  form  part  of  the  Park  Range.  Geology  shows,  however, 
that  in  Paleozoic  times  the  boundaries  of  the  depressions  now  known  as  the  Parks  were  formed  by  the 
Archean  land  masses  of  the  Colorado  Range  on  the  east  and  of  the  Sawatch  and  its  continuation  to  the 
north,  the  Park  Range  on  the  west,  and  that  the  uplift  of  the  Mosquito  Range  did  not  occur  until  the 
close  of  the  Cretaceous. 

Prior  to  this  uplift  the  various  porphyry  bodies,  which  now  form  a  prominent  feature  among  the 
rock  formations  of  the  region,  were  intruded  into  the  sedimentary  beds  deposited  during  Paleozoic  and 
Mesozoic  times,  spreading  out  between  the  beds  and  sometimes  crossing  them,  but  being  most  uniformly 
distributed  at  the  top  of  the  Lower  Carboniferous  or  Blue  Limestone.  It  was  in  this  limestone  that  the 
greater  part  of  the  ores  were  deposited,  and  the  original  deposition  must  have  taken  place  after  the 
intrusion  of  the  porphyry  aud  before  the  uplift  of  the  range. 

In  the  uplift  of  the  range  both  eruptive  sheets  and  sedimentary  beds,  with  the  included  ore 
deposits,  were  plicated  and  faulted,  aud  by  subsequent  erosion  an  immense  thickness  of  rocks  has  been 
carried  away,  laying  bare  the  very  lowest  rocks  in  the  conformable  series;  the  outcrops  are,  however, 
frequently  buried  beneath  what  is  locally  called  "  wash,"  a  detrital  formation  of  glacial  origin.  In  the 
Leadville  region,  owing  to  the  reduplication  caused  by  faulting,  a  series  of  outcrops  of  easterly  dipping 
beds  of  the  Blue  Limestone  are  exposed  beneath  the  wash,  of  which  all  are  metalliferous  and  a  consid- 
erable proportion  carry  pay  ore. 

ORE  DEPOSITS. 

The  principal  ore  deposits  of  Leadville  occur,  as  above  indicated,  in  the  Blue  Limestone  and  at  or 
near  its  contact  with  the  overlying  bodies  of  porphyry.  The  ores  consist  mainly  of  carbonate  of  lead, 
chloride  of  silver,  and  argentiferous  galena,  in  a  gangue  of  silica  and  clay,  with  oxides  of  irou  and 
manganese  and  some  barite.  These  materials  are  mainly  of  secondary  origin,  nnd  result  from  the  altera- 
tion by  surface  waters  of  metallic  sulphides. 

The  study  of  these  deposits  has  shown :  1,  that  they  were  originally  deposited  as  sulphides,  and 
probably  as  a  mixture,  in  varying  proportions,  of  galena,  pyrite,  and  blende;  2,  that  they  were  de- 
posited from  aqueous  solutions ;  3,  that  the  process  of  deposition  was  a  metasomatic  iuterchaugi1  be- 
tween the  materials  brought  in  by  the  solutions  and  those  forming  the  country  rocks,  consequently 
that  they  do  not  fill  pre-existing  cavities;  4,  that  the  ore  currents  from  which  they  were  deposited 
did'  not  come  directly  from  below,  but  were  more  probably  descending  currents  ;  and  5,  that  these 
currents  probably  derived  the  material  of  which  the  ore  deposits  are  formed  mainly  from  the  por- 
phyry bodies  which  occur  at  horizons  above  the  Blue  Limestone. 

PRACTICAL  CONSIDERATIONS. 

Inasmuch  as  the  ore  currents  did  not  come  directly  from  below,  it  is  not  advisable  to  search  for 
ore  below  the  Blue  Limestone  horizon.  This  horizon,  however,  should  be  thoroughly  prospected,  and 
the  maps  and  sections  show  its  probable  position  in  the  as  yet  unexplored  areas ;  the  explorations, 
moreover,  should  not  be  confined  to  the  upper  surface  of  this  limestone,  but  carried  into  its  mass 
wherever  there  are  indications  of  ore,  and  especially  along  the  contact  of  transverse  bodies  of  Gray 
Porphyry.  The  probabilities  are  that  very  considerable  bodies  of  ore  remain  as  yet  undiscovered,  and 
the  most  promising  areas  for  prospecting  are  indicated.  It  is  also  probable  that  as  the  distance  from 
the  surface  increases  the  ores  will  be  found  less  altered,  and  that  they  will  therefore  be  lesseasily 
reduced  by  the  smelting  processes  now  employed. 

The  petrography  of  the  district  is  treated  by  Mr.  Whitman  Cross  in  Appendix  A.  The  results  of 
chemical  investigation  aud  the  methods  of  research  are  given  in  Appendix  B  by  Mr.  W.  P.  Hillebrand, 
and  in  Appendix  C  Mr.  Guynrd  has  given  a  memoir  on  lead  smelting  as  conducted  at  Leadville,  show- 
ing the  character  of  the  plant,  the  composition  of  ores,  fluxes,  aud  furnace  products,  aud  discussing  the 
reactions  which  take  place  in  the  blast  furnaces. 
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f 

LEADVILLE— ITS  POSITION,  DISCOVERY,  AND  DEVEL- 
OPMENT. 

Topographical  description. — The  city  of  Leadville  is  situated  in  the  county 
of  Lake,  State  of  Colorado,  on  the  western  flank  of  the  Mosquito  Range, 
at  the  head  of  the  Arkansas  Valley.  Its  exact  position  is  in  longitude 
106°  17'  west  from  Greenwich  and  39°  15'  north  latitude.  Its  mean 
elevation  above  sea-level  is  10,150  feet,  taken  at  the  court-house,  in  the 
center  of  the  city.1 

The  most  striking  feature  in  the  topographical  structure  of  the  Rocky 
Mountains  in  Colorado  is,  as  is  well  known  to  those  familiar  with  western 
geography,  the  fact  that  it  consists  of  two  approximately  parallel  ridges, 
separated  by  a  series  of  broad  mountain  valleys  or  parks. 

The  easternmost  of  these  uplifts,  the  Colorado  or  Front  Range,  rises 
abruptly  from  the  Great  Plains,  which  form  its  base  at  5,000  to  6,000  feet 
above  the  sea-level,  to  a  crest  of  13,000  to  14,000  feet.  It  is  deeply  scored 
by  narrow,  tortuous  gorges,  worn  by  mountain  streams,  whose  clear  waters 
debouch  upon  the  plains  and  become  absorbed  in  the  sluggish,  turbid 
currents  of  the  Platte  and  Arkansas  Rivers.  The  trend  of  the  range  is 
due  north  and  south,  its  highest  portions  being  mostly  included  within  the 

'The  datum  point  from  which  the  levels  of  the  map  of  Leadville  were  reckoned  is  the  threshold 
of  the  First  National  Bank,  a  stone  building  at  the  southeast  corner  of  Harrison  avenue  and  Chestnut 
street.  The  altitude  of  this  point,  as  determined  by  connection  by  levels  with  the  bench-marks  of  the 
Denver  and  Rio  Grande  Railroad,  is  10,135.55  feet ;  by  levels  with  the  bench-marks  of  (he  Colorado 
Central  Railroad,  10,113  feet ;  by  depression  angles  from  the  top  of  Mount  Lincoln,  10,112  feet.  As  a 
mean,  the  contour  passing  through  it  is  assumed  to  be  10,125  feet,  greater  weight  being  given  to  the 
first  figure,  since  the  leveling  by  which  it  was  arrived  at  was  probably  more  carefully  done  than  in 
the  case  of  the  other  two.  A  level-line  had  been  run  from  Fairplay  to  the  top  of  Mount  Lincoln  by  the 
members  of  the  Haydeu  Survey  in  1872. 
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boundaries  of  the  State,  beyond  which  at  either  end  it  becomes  gradually 
lower,  and  disappears  as  a  topographical  feature  beneath  the  plains.  To 
the  west  of  this  range  lie  the  mountain  valleys  of  the  North,  Middle,  South, 
and  San  Luis  Parks,  in  Colorado,  and  the  Laramie  Plains,  in  Wyoming, 
each  of  which  possesses  the  same  general  feature  of  being  nearly  completely 
encircled  by  mountain  ridges.  On  the  other  hand,  each  has  distinct  topo- 
graphical features  of  its  own,  which  need  not  be  entered  upon  here. 

Beyond  the  parks  on  the  west,  and  separating  them  from  the  great 
basin  of  the  Colorado  River,  is  a  second  mountain  uplift,  to  which  the  gen- 
eral name  of  Park  Range  has  been  given.  It  has  by  no  means  the  regular 
structure  of  the  Colorado  Range,  but  is  made  up  of  a  series  of  short  ranges 
en  e'chelon,  from  which  offshoots  connect  with  the  latter,  terming  the  ridges 
which  separate  the  different  park  basins.  In  the  latitude  of  Leadville  this 
western  uplift  consists  of  two  distinct  ranges,  the  Mosquito  or  Park  Range — 
the  latter  being  the  name  given  in  the  Hay  den  atlas  of  1877,  probably 
because  it  forms  the  boundary  of  the  South  Park — and  the  Sawatch  Range, 
which  forms  the  water-shed  between  the  Atlantic  and  Pacific  waters. 

The  Mosquito  Range  is  a  narrow,  straight  ridge,  about  eighty  miles  in 
length,  trending  a  little  west  of  north,  and  is  characterized  by  long,  regular 
slopes  scored  deeply  by  glacial  gorges  on  the  east  toward  South  Park  and 
by  an  abrupt  irregular  inclination  on  the  west  towards  the  Arkansas  Valley. 

The  Sawatch  Range,  on  the  other  hand,  is  a  broader,  oval-shaped 
mountain  mass,  divided  by  the  deep  gorges  of  its  draining  streams  into  a 
series  of  massives  and  wanting  the  continuous  ridge  structure  of  the  Mos- 
quito Range.  In  this  respect,  as  in  its  geological  composition,  which  is  the 
determining  cause  of  the  difference  of  its  topographical  forms,  it  resembles 
the  Colorado  Range.  The  culminating  points  of  each  range  have  a  remark- 
ably uniform  elevation  of  about  fourteen  thousand  feet  above  sea-level. 

Between  the  two  ranges  lies  the  valley  of  the  Upper  Arkansas,  a  merid- 
ional depression  60  miles  in  length  and  about  sixteen  miles  in  width,  measured 
from  the  crest  of  its  bounding  ridges.  Its  direction  is  parallel  to  that  of 
the  Mosquito  Range,  being  a  little  east  of  south  in  its  mean  course,  though 
more  nearly  north  and  south  towards  its  head.  From  its  southern  end  the 
Arkansas  River,  after  receiving  the  waters  of  the  South  Arkansas,  bends 
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sharply  to  the  east  and  cuts  through  the  southern  continuation  of  the  Mos- 
quito and  Colorado  Ranges  in  deep  canon  valleys,  the  last  well  known  to 
tourists  as  the  Royal  Gorge.  About  midway  in  the  Upper  Arkansas  Valley 
the  present  bed  of  the  stream  is  confined  within  a  narrow  rocky  canon, 
called  from  the  prevailing  rock  of  the  surrounding  hills  Granite  Canon. 
Both  above  and  below  this  canon  the  foot-hills  of  the  bordering  ranges 
recede  again,  leaving  a  valley  bottom  from  six  to  ten  miles- in  width.  But 
little  of  this  area  is  occupied  by  actual  alluvial  soil,  its  surface  consisting 
mostly  of  gently  sloping,  gravel-covered  terraces.  In  the  area  above  the 
canon,  which  is  about  twenty  miles  long,  the  eye  is  at  once  arrested  by  its 
basin  form.  In  the  center  is  a  relatively  wide  stretch  of  meadow  land  imme- 
diately adjoining  the  river,  on  either  side  of  which  mesa-like  benches  slope 
gently  up  to  the  foot-hills  of  the  mountains,  three  or  four  miles  distant, 
which  rise  abruptly  from  these  terraces  in  broken,  irregular  outlines.  The 
suggestion  thus  offered  by  its  basin  shape  and  terrace-like  spurs  that  this 
portion  of  the  valley  was  once  filled  by  a  mountain  lake  is  confirmed,  as 
will  be  seen  later,  by  the  geological  facts  developed  during  the  present 
investigation. 

On  the  tipper  edge  of  one  of  these  terraces,  on  the  east  side  of  the  val- 
ley, is  situated  the  city  of  Leadville.  From  the  north  bank  of  California 
gulch  it  extends  along  the  foot  of  Carbonate  hill  to  the  valley  of  the  east 
fork  of  the  Arkansas,  covering,  with  its  rectangular  system  of  streets  and 
contiguous  smelting  works,  an  area  of  nearly  500  acres,  while  on  the  hill 
slopes  immediately  above  are  situated  the  mines  which  constitute  its  wealth. 
On  Plate  1 1  is  given  the  reproduction  of  a  photograph  of  the  city,  taken 
from  a  point  in  its  western  outskirts  on  Capitol  Hill  ridge,  near  the  junc- 
tion of  the  two  branches  of  the  Denver  and  Rio  Grande  Railroad  and  about 
west  of  the  Harrison  smelter.  Although  the  plate  leaves  much  to  be  de- 
sired in  point  of  distinctness  and  the  shape  of  the  mountain  spurs  back  of 
the  town  are  necessarily  obscured  by  foreshortening,  it  serves  to  give  a 
general  idea  of  the  city  and  its  surroundings.  The  square  building  with 
cupola,  on  the  extreme  left,  is  the  court-house,  back  of  which  the  wooded 
ridge  in  the  middle  distance  is  Yankee  Hill;  a  similar  building  to  the  right 
toward  California  gulch  is  the  high  school.  The  chimney  in  the  middle  is 
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that  of  the  Harrison  Reduction  Works,  to  the  right  of  which  is  the  Tabor 
mill.  The  slopes  immediately  back  of  the  town  are  those  of  Carbonate  hill, 
beyond  which  is  seen  the  round  summit  of  Ball  Mountain,  with  Breece  hill, 
as  a  wooded  spur,  extending  northward  from  it,  Still  farther  back  the  ridge 
slopes  up  in  apparent  continuity  to  Dyer  Mountain,  the  highest  point  on  the 
sky-line  To  the  left  of  Dyer  Mountain  is  Mount  Evans,  6^  miles  distant  in 
a  straight  line,.and  on  its  right  is  Mount  Sherman,  forming  the  eastern  walls 
of  Evans  and  Iowa  amphitheatres  respectively.  On  a  clear  day  the  outlines 
of  rock  formations  on  these  walls  may  be  very  distinctly  seen. 

Routes  of  approach. — The  approach  to  Leadville,  as  may  be  seen  from  the 
above  brief  sketch  of  its  topographical  situation,  was  extremely  difficult  be- 
fore the  development  of  its  wealth  had  led  to  the  building  of  railroads. 
Three  routes  of  travel  were  available.  The  middle  one,  or  that  most  used 
by  travelers  in  coming  from  Denver,  crossed  the  Colorado  Range  near  the 
South  Platte  Caflon,  at  an  elevation  of  10,001)  feet,  and  skirting  the  northern 
rim  of  South  Park,  through  the  mining  town  of  Fairplay,  crossed  the  Mos- 
quito Range  at  Mosquito  pass  opposite  Leadville  at  an  altitude  of  13,600 
feet,  or,  making  a  detour  of  ten  or  twelve  miles  to  the  southward,  at  Weston's 
pass,  whose  summit  is  only  12,000  feet  above  the  level  of  the  sea.  This  gen- 
eral route  the  Denver  and  South  Park  Railway  follows,  winding  up  the  nar- 
row and  tortuous  gorge  of  the  South  Platte  and  passing  over  Kenosha  pass 
at  the  head  of  its  north  fork  into  South  Park;  to  cross  the  Mosquito  Range, 
however,  it  is  obliged  to  make  a  longer  detour  to  the  southward  and  pass 
down  the  valley  of  Trout  Creek,  a  tributary  of  the  Arkansas,  which,  heading 
on  the  east  side  of  the  Mosquito  Range,  debouches  into  the  Arkansas  Valley 
at  Buena  Vista,  40  miles  south  of  Leadville. 

The  southern  route,  before  the  time  of  railroads,  generally  crossed  the 
Colorado  Range  at  the  Ute  pass  above  Colorado  Springs,  and,  traversing 
the  lower  end  of  South  Park,  passed  into  the  Arkansas  Valley  either  at 
Trout  Creek  or  at  Weston's  pass.  The  Denver  and  Rio  Grande  Railway, 
however,  has  located  its  line  —  a  triumph  of  engineering  skill —  directly 
up  the  valley  of  the  Arkansas,  which  it  follows  through  canons  and  gorges 
that  before  were  practically  impassable. 
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The  northern  route  starts  from  Golden,  near  Denver,  and,  following  up 
the  canon  of  Clear  Creek,  crosses  the  Colorado  Range  at  an  altitude  of 
12,000  feet,  either  by  the  Argentine  or  by  Loveland's  pass  It  then  crosses 
the  southern  edge  of  Middle  Park  along  the  valley  of  Snake  River  and 
bends  southward  up  the  valley  of  Ten-Mile  Creek,  having  thus  gone  around 
the  northern  end  of  the  Mosquito  Range.  After  crossing  the  relatively  low 
divide  of  Fremont's  pass  (11,300  feet),  it  reaches  Leadville  by  descending 
the  east  fork  of  the  Arkansas.  At  either  end  of  this  route  railroads  are 
already  built,  namely,  up  the  valley  of  Clear  Creek  to  Georgetown,  and 
from  Leadville  across  Fremont's  pass  down  Ten-Mile  Valley  to  its  junction 
with  the  Blue.  But  the  advisability  of  completing  the  connecting  link  at 
such  an  altitude,  in  practical  competition  with  the  two  already  existing  lines, 
seems,  under  present  conditions  of  development  to  be  somewhat  doubtful. 

Discovery  of  the  precious  metals. — The  discovery  of  the  Leadville  deposits 
presents  so  striking  a  picture  of  the  life  of  the  pioneer  miner  in  the  West, 
and  of  the  large  element  of  chance  connected  with  it,  that  it  seems  proper 
to  give  its  history  with  all  the  fullness  of  detail  which  the  somewhat  imper- 
fect data  obtainable  will  allow. 

The  earliest  known  exploration  of  the  valley  of  the  Upper  Arkansas 
was  that  made  by  the  expedition  of  Fremont  in  1845.  In  his  second  expe- 
dition, in  1842,  he  had  aimed  at  tracing  the  Arkansas  River  to  its  source, 
but,  unwittingly  leaving  the  main  stream,  had  followed  up  the  Fontaine  qui 
bouille,  now  called  Fountain  Creek,  probably  passing  near  the  present  site 
of  Denver,  and  struck  into  the  mountains  at  some  point  nearly  opposite 
that  place.  In  1845,  however,  as  indicated  by  General  Warren,  he  prob- 
ably entered  the  mountains  near  where  Canon  City  now  stands,  and  crossed 
the  southern  end  of  South  Park,  reaching  the  Upper  Arkansas  Valley 
through  the  valley  of  Trout  Creek.  Thence,  following  the  Arkansas  to  its 
head,  he  crossed  what  was  then  called  Utah  pass  and  descended  Eagle  or 
Piney  River  to  its  confluence  with  the  Grand  or  Blue.  It  seems  proba- 
ble, therefore,  that  the  name  of  Fremont's  pass,  which  is  given  to  that  of 
Ten-Mile  Creek,  would  have  been  more  appropriately  applied  to  the  Ten- 
nessee pass,  which  divides  the  Eagle  River  from  the  head  of  the  Arkansas. 
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There  is  little  doubt  that  this  striking  valley  was  afterward  visited  by 
trappers  and  individual  explorers,  but  of  such  visits  no  record  is  left  so  far 
as  is  known  to  the  writer.  This  region,  like  that  of  the  parks,  formed  part 
of  the  debatable  ground  between  the  tribes  of  Arapahoes  and  Utes,  who 
were  constantly  at  war  with  each  other  and  who  made  excursions  to  these 
mountain  valleys  simply  for  the  purpose  of  hunting  and  without  any  per- 
manent occupancy. 

During  the  summer  of  1859,  at  the  time  of  the  great  Pike's  Peak  excite- 
ment, a  continuous  stream  of  emigrant  wagons  stretched  across  the  plains, 
following  up  the  Arkansas  River  to  the  base  of  Pike's  Peak.  As  is  gener- 
ally the  case  in  such  mining  rushes,  the  golden  dreams  of  a  large  portion 
of  those  attracted  by  the  marvelous  stories  of  the  wealth  that  existed  in  the 
streams  issuing  from  the  mountains  were  never  realized.  Many  of  the 
wagons  that  had  crossed  the  plains  in  the  early  summer,  carrying  the  tri- 
umphant device  "  Pike's  Peak  or  bust,"  returned  later  over  the  same  route 
with  this  device  significantly  altered  to  "Busted."  The  more  adventurous 
and  hardy  of  these  pioneers,  although  disappointed  in  their  first  anticipa- 
tions, pushed  resolutely  up  through  the  rocky  gorges  towards  the  sources 
of  the  streams.  Some  of  these  found  gold  in  Russell  gulch,  in  the  valley 
of  Clear  Creek,  where  the  first  mining  developments  were  made  within  the 
State  and  where  now  stand  the  flourishing  mining  towns  of  Central  City 
and  Black  Hawk.  Others  wandered  across  the  Colorado  Range  into  South 
Park,  and  found  gold-bearing  gravel  deposits  on  its  northern  border,  in 
Tarryall  Creek  and  on  the  Platte  in  the  neighborhood  of  Fairplay.  This 
is,  as  far  as  can  be  learned,  the  extent  of  the  explorations  made  in  1859. 

In  the  early  spring  of  1860  several  small  parties  crossed  the  second 
range  into  the  Arkansas  Valley.  Among  the  number  were  Samuel  B.  Kel- 
logg, now  justice  of  the  peace  at  Granite,  and  H.  A.  W.  Tabor,  later  mill- 
ionaire and  lieutenant  governor  of  the  State  of  Colorado.  Mr.  Kellogg 
had  already  had  an  experience  of  ten  years  in  placer  mining  in  California 
when  he  came  toColoradoin  1859.  In  February,  1860,  he  started  with  Tabor 
and  his  family,  their  wagon  being  the  first  that  ever  went  as  far  as  the  mouth  of 
the  Arkansas.  They  pushed  up  the  valley  and  about  April  1  settled  down  at 
the  site  of  the  present  town  of  Granite,  about  eighteen  miles  below  Lead- 
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ville.  Here,  having  discovered  gold  in  Cash  Creek,  whose  placer  deposits 
are  worked  even  at  the  present  day,  they  whipsawed  lumber  to  make  sluices 
for  washing  its  gravels.  A  few  days  after  their  arrival  news  was  brought 
to  them  of  the  discovery  of  gold  in  California  gulch:  Two  parties  of  prospect- 
ors had,  it  seems,  already  preceded  them,  though  their  route  is  unknown. 
Foremost  among  their  names  are  those  of  Slater,  Currier,  Ike  Rafferty, 
George  Stevens,  Tom  Williams,  and  Dick  Wilson,  from  the  last  of  whom 
many  of  the  following  facts  were  obtained  :  The  first  hole  dug  in  California 
gulch  was  about  two  hundred  feet  above  the  site  of  the  present  Jordan  tun- 
nel, the  second  just  below  the  present  town  of  Oro.  Owing  to  the  richness 
of  the  ground  and  the  number  of  the  persons  present,  gold  was  discovered 
at  an  unusual  number  of  points,  and  14  discovery  claims  of  100  feet  each 
were  located.  Kellogg  and  Tabor  met  the  prospectors  at  the  mouth  of 
Iowa  gulch,  as  they  returned  from  locating  the  discovery  claims,  and 
agreed  to  prospect  that  gulch.  They  returned  to  Cash  Creek  for  provis- 
ions, and  went  finally  to  California  gulch  on  the  26th  of  April,  1860,  as 
Iowa  gulch  had  yielded  little  fruit  to  their  labors  —  the  geological  reasons 
for  which  will  be  explained  later. 

In  spite  of  the  difficulties  of  communication  in  this  wild  region,  the  news 
of  the  rich  discovery  of  gold  spread  with  amazing  rapidity.  The  day  after 
their  arrival  70  persons  came  into  the  gulch  from  the  Arkansas  Valley;  by 
July  it  was  estimated  that  there  were  10,OQO  persons  in  the  camp.  It  is  said 
that  $2,000,000  worth  of  gold  was  taken  out  during  the  first  summer.  Prob- 
ably considerable  deductions  may  be  made  from  this  estimate  for  the  exag- 
geration that  fills  men's  minds  in  moments  of  such  excitement.  The  record 
of  claims  located,  however,  shows  enormous  activity  in  mining  during  this 
summer.  In  California  gulch  alone,  339  claims,  100  feet  in  width,  were 
located.  Single  individuals  are  said  to  have  carried  away  from  $80,000  to 
$100,000  each  as  the  result  of  their  first  summer's  labor.  Tabor  and  Kel- 
logg worked  their  own  claims  and  made  about  $75,000  in  sixty  days.  The 
total  production  of  the  placer  claims  is  generally  stated  at  from  $5,000,000 
to  $10,000,000,  but  a  more  conservative  estimate  places  it  at  from  $2,500,000 
to  $3,000,000.  The  climax  was  soon  reached,  and  after  the  first  year  the 
population  of  this  new  district,  whose  post-office  was  then  known  as  Oro 
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City,  rapidly  decreased,  until  within  three  or  four  years  the  thousands  had 
dwindled  into  hundreds.  Kellogg,  with  the  restless  spirit  of  the  western 
prospector,  wandered  away  in  the  early  part  of  the  summer  into  the  San 
Juan  region  and  did  not  return.  Tabor  started  the  solitary  store  in  the 
place,  his  wife  being  at  the  time  the  only  person  of  her  sex  in  the  camp. 
When  the  product  of  the  placers  had  gradually  decreased  and  the  prosperity 
of  the  camp  was  at  its  lowest  ebb,  he  moved  across  the  range  to  Buckskin 
Joe,  which  was  then  enjoying  a  fitful  prosperity  from  the  rich  developments 
of  the  Phillips  mine ;  but  returned  later,  when  the  discovery  of  vein  gold 
in  the  Printer  Boy  mine  revived  for  a  time  the  waning  prosperity  of  the 
gulch. 

Development  of  mines. — In  1861  a  ditch  was  built  from  Evans  gulch  across 
the  head  of  California  gulch,  by  means  of  which  sluice  mining  was  carried 
on,  but  owing  to  the  great  cost  of  supplies,  which  had  to  be  brought  in  on 
the  backs  of  animals,  only  the  very  richest  gravels  could  be  worked  with 
profit,  and  at  that  time  little  attention  was  paid  to  vein  deposits.  Among 
the  early  miners  it  is  probable  that  few  if  any  suspected  the  existence  of 
the  real  mineral  wealth  that  the  region  contained,  although  they  were  much' 
annoyed  in  their  working  by  worn,  iron-stained  fragments  of  heavy  rock, 
which  they  had  to  throw  out  by  hand  from  their  sluices,  the  water  not  having 
sufficient  force  to  carry  them  down. 

Report  says  that  in  August,  1861,  C.  M.  Rouse  and  C.  H.  Cameron, 
of  Madison,  Wis.,  "struck  carbonates,"  of  which  a  small  quantity  was 
shipped  to  George  T.  Clarke,  of  Denver ;  and  that  samples  which  he  sent 
to  Chicago  yielded  by  assay  164  ounces  of  silver  to  the  ton.  The  Washoe 
Mining  Company  is  said  to  have  been  formed  on  the  strength  of  these  dis- 
coveries, but  no  work  was  done  upon  the  claims,  whose  location,  if  they 
really  existed,  is  now  unknown. 

In  June,  1868,  the  first  gold  vein,  called  the  Printer  Boy,  was  discov- 
ered by  Charles  J.  Mullen  and  Cooper  Smith,  who  were  prospecting  for  J. 
Marshall  Paul,  of  Philadelphia;  and  in  August  the  Boston  and  Philadelphia 
Gold  and  Silver  Mining  Company  of  Colorado  was  organized,  and  a  stamp 
mill  was  built  at  Oro,  in  California  gulch,  to  treat  the  ore  from  this  vein.  A 
very  considerable  amount  of  gold  is  said  to  have  been  obtained  from  it, 
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though  it  is  difficult  to  obtain  actual  data  as  to  its  production.  Estimates 
place  its  total  yield  at  $603,000  to  $800,000.  The  "5-20"  vein  was  also 
opened  at  this  time  on  the  opposite  side  of  the  gulch,  and  also  an  extension 
of  the  Printer  Boy,  called  the  Lower  Printer  Boy.  The  working  of  these 
mines,  which  was  earned  on  more  or  less  continuously  until  1877,  imparted 
at  times  a  fitful  prosperity  to  the  region.  Meanwhile  the  location  of  the 
town  of  Oro  had  been  frequently  changed.  It  was  first  scattered  along 
California  gulch,  then  concentrated  at  the  mouth  of  the  gulch,  near  the 
present  city  of  Leadville,  and  later  moved  up  to  the  vicinity  of  the  stamp 
mill,  which  still  stands  among  the  few  cabins  to  which  the  name  of  Oro  City 
is  yet  applied. 

During  this  time  the  Homestake  mine  in  the  Sawatch  Range,  near 
Homestake  Peak,  opposite  the  head  of  the  Arkansas,  had  been  opened  and 
was  yielding  rich  silver  ore.  In  1875  a  smelter  was  built  at  Malta,  west  of 
Oro,  to  treat  the  ore  from  this  mine  and  from  others  which  it  was  expected 
would  be  developed  in  that  region.  This  smelter,  like  so  many  others  built 
before  any  permanent  production  could  be  counted  on  for  its  supply,  has 
never  been  successful. 

To  Mr.  A.  B.  Wood  and  his  associate,  Mr.  W.  H.  Stevens,  both  experi- 
enced and  scientific  miners,  is  due  the  credit  of  being  the  first  to  recog- 
nize the  value  of  the  now  famous  carbonate  deposits  of  Leadville.  Mr. 
Wood  came  to  California  gulch  first  in  April,  1874,  to  work  the  Star  placer 
claim.  While  examining  the  gravel  in  the  gulch  he  was  struck  by  the 
appearance  of  what  the  miners  call  "heavy  rock,"  some  of  which  he 
assayed.  His  specimens  were  not  rich,  yielding  only  27  per  cent,  lead 
and  15  ounces  silver  to  the  ton;  but  the  matter  seemed  to  him  worthy 
of  investigation  He  put  prospectors  at  work  to  find  the  croppings  of  the 
ore  deposits,  and  in  June,  1874,  the  first  " carbonate-in-place  "  was  found 
at  the  mouth  of  the  present  Rock  tunnel,  on  Dome  hill  About  the  same 
time  ore  was  discovered  in  a  shaft  sunk  by  Mr.  Bradshaw  near  the  bed  of 
the  gulch  on  the  present  Oro  La  Plata  claim ;  but  it  is  maintained  by  some 
that  this  ore  was  not  in  place,  but  simply  "wash,"  accumulated  from  the 
abrasion  of  the  adjoining  croppings.  Prospecting  was  quietly  continued  by 
Mr.  Wood,  but  no  claims  were  taken  up,  as  the  old  placer  claims  —  which, 
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though  abandoned,  would  still  be  in  force  for  another  year  —  covered  all  the 
ground  adjoining  the  gulch.  Meanwhile  he  studied  the  occurrence  of  the 
mineral  and  the  outcrops  of  the  limestone  on  either  side  of  California  gulch. 
In  the  spring  of  1875  he  took  Mr.  Stevens  and  Professor  H.  Beeger,  the  latter 
then  in  charge  of  the  Boston  and  Colorado  Smelting  works  at  Alma,  to 
Iron  and  Dome  hills,  and  showed  them  in  the  forest  that  then  covered  the 
slopes  the  outcrops,  respectively,  of  the  Lime,  Rock,  and  Dome  claims.  Dur- 
ing this  and  the  following  summer  the  principal  claims  which  constitute  the 
valuable  property  of  the  Iron  Silver  Mining  Company  were  located  by 
Messrs.  Wood  and  Stevens  in  the  interest  of  Detroit  parties.  The  first  ore 
was  extracted  from  the  Rock  mine,  where  a  large  mass  of  hard  carbonate 
formed  a  cliff  outcrop  on  the  side  of  California  gulch.  This  ore  was  rich 
in  lead,  but  ran  very  low  in  silver.  During  the  summer  of  1876  ore  was 
first  taken  from  the  croppings  of  Iron  and  Bull's  Eye  claims,  and  some  rich 
assays,  as  high  as  600  to  800  ounces  to  the  ton,  were  obtained  from  it. 

The  first  working  tests  of  Leadville  ore  were  made  by  Mr.  A.  R.  Meyer, 
a  graduate  of  European  mining  schools,  who  first  came  to  California  gulch 
in  1876  from  Alma,  acting  as  agent  for  the  St.  Louis  Smelting  and  Refining 
Company.  In  the  fall  of  that  year  he  shipped  200  to  300  tons  of  ore,  princi- 
pally taken  from  the  Rock  mine,  by  wagon  to  Colorado  Springs,  and  thence 
by  rail  to  St.  Louis.  The  freight  to  Colorado  Springs  cost  $25  per  ton 
and  the  ore  averaged  only  seven  ounces  in  silver  to  the  ton ;  it  contained, 
however,  60  per  cent,  lead,  and  in  spite  of  the  high  cost  of  freight  yielded  a 
profit,  owing  to  the  high  price  of  lead  (seven  cents  a  pound)  then  ruling. 
It  having  thus  been  proved  that  Leadville  ore  could  be  worked  at  a  profit, 
prospecting  was  vigorously  carried  on,  the  next  discovery  being  that  of  the 
Gallagher  Brothers  on  the  Camp  Bird  claim,  supposed  at  that  time  to  be  the 
northern  continuation  of  the  Iron-Lime  outcrop.  This  discovery  was  made 
late  in  the  fall  of  1876,  and  the  claim  now  forms  part  of  the  property  of 
the  Argentine  Mining  Company.  During  this  winter  the  Long  and  Derry 
mine  was  discovered  by  two  prospectors  of  these  names,  who  still  own  the 
mine  and  have  become  wealthy  from  its  product.  During  the  spring  and 
summer  of  1876  discoveries  were  made  along  what  was  then  known  as  the 
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second  contact,  on  Carbonate  hill,  the  Carbonate  and  Shamrock  mines  being 
the  first  to  yield  considerable  quantities  of  pay  ore. 

In  the  following  years  the  famous  ore  bodies  on  Fryer  hill  were  discov- 
ered by  a  singular  accident.  At  this  point  there  is  no  outcrop,  the  whole 
surface  of  the  hill  being  covered  to  an  average  depth  of  100  feet  by  detri- 
tal  material.  Tradition  has  it  that  two  prospectors  were  "grub-staked,"  or 
fitted  out  with  a  supply  of  provisions,  by  Tabor,  half  of  all  they  discovered 
to  belong  to  him.  Among  the  provisions  was  a  jug  of  whisky,  which  proved 
so  strong  a  temptation  to  the  prospectors  that  they  stopped  to  discuss  its 
contents  before  they  had  gone  a  mile  from  town.  When  the  whisky  had 
disappeared,  though  its  influence  might  probably  have  been  still  felt,  they 
concluded  that  the  spot  on  which  they  had  thus  prematurely  camped  was 
as  good  a  one  to  sink  a  prospecting  hole  on  as  any  other.  At  a  depth  of  25 
or  30  feet  their  shaft  struck  the  famous  ore  body  of  the  Little  Pittsburg 
mine,  the  only  point  on  the  whole  area  of  the  hill  where  rock  in  place  comes 
so  near  the  surface.  Discoveries  rapidly  multiplied  in  this  region;  immense 
amounts  of  ore  were  taken  out,  and  the  claims  changed  hands  at  prices 
which  advanced  with  marvelous  rapidity  into  the  millions.  A  half  interest 
in  one  claim  which  was  sold  one  morning  for  $50,000,  after  being  trans- 
ferred through  several  hands,  is  said  to  have  been  repurchased  by  one  of 
the  original  holders  for  $225,000  on  the  following  morning. 

The  foundation  of  Mr.  Tabor's  wealth  was  laid  in  the  first  discovery 
on  Fryer  hill,  but  its  amount  was  materially  increased  in  a  singular  way. 
When  the  fame  of  the  rich  discovery  of  Fryer  hill  had  already  become 
known  at  Denver,  the  wholesale  house  from  which  he  was  in  the  habit  of 
buying  his  provisions  commissioned  him  to  buy  for  them  a  promising 
claim.  On  his  return  to  Leadville,  in  accordance  with  this  agreement,  he 
purchased  on  their  account,  for  the  sum  of  $40,000,  the  claim  of  a  some- 
what notorious  prospector  known  as  Chicken  Bill,  on  what  is  now  Chryso- 
lite ground.  Chicken  Bill,  in  his  haste  to  realize,  had  not  waited  till  his 
shaft  reached  rock  in  place,  but  had  distributed  at  its  bottom  ore  taken 
from  a  neighboring  mine,  or,  in  the  language  of  the  miners,  he  had  "  salted  " 
his  claim.  After  the  bargain  with  Tabor  had  been  concluded  he  could  not 
resist  the  temptation  of  relating  to  a  few  of  his  friends  the  part  he  had 
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played  in  the  transaction.  The  report  of  what  he  had  done  thus  reached  the 
ears  of  Mr.  Tabor's  Denver  correspondents  before  he  himself  arrived  to 
deliver  the  property,  when  they  not  unnaturally  declined  to  receive  it,  and 
Mr.  Tabor  was  obliged  to  keep  it  himself.  He,  with  his  associates,  under 
the  title  of  Tabor,  Borden  &  Co.,  afterward  bought  some  adjoining  claims 
and  developed  their  ground,  from  which  they  are  said  to  have  taken  out 
in  the  neighborhood  of  $1,500,000,  and  afterward  to  have  sold  their  prop- 
erty to  the  Chrysolite  Company  for  a  like  sum. 

In  the  spring  of  1877,  under  Mr.  Meyer's  direction,  the  first  smelting 
furnace  was  erected  at  Leadville  by  the  St  Louis  Smelting  and  Refining 
Company,  now  known  as  the  Harrison  Reduction  Works,  and  others  fol- 
lowed in  rapid  succession. 

Growth  of  the  city. — The  nucleus  of  the  present  city  of  Leadville  consisted 
of  a  few  log  houses  scattered  along  the  borders  of  the  California  gulch 
below  the  Harrison  Reduction  Works.  In  the  spring  of  1877  a  petition 
for  a  post-office  was  drawn  up  by  Messrs.  Henderson,  Meyer,  and  Wood, 
which  necessitated  the  adoption  of  a  name  for  the  new  town.  Mr.  Meyer 
proposed  the  names  of  Cerussite  and  Agassiz,  both  of  which  were  rejected 
as  being  too  scientific.  Mr.  Wood  proposed  the  name  of  Lead  City,  to 
which  Henderson  objected  that  it  might  be  confounded  with  a  town  of  the 
same  name  in  the  Black  Hills,  and  the  name  of  Leadville  was  finally 
adopted  as  a  compromise.  The  rapidity  of  the  growth  of  this  city  borders 
on  the  marvelous.  In  the  fall  of  1877  the  population  of  Leadville  was  esti- 
mated at  about  two  hundred  persons.  The  business  houses  of  the  town 
were  a  10  by  12  grocery  and  two  saloons.  In  the  spring  of  1878  a  corpo- 
ration was  formed,  which  was  continued  for  six  weeks,  when  the  town's 
growth  justified  its  transformation  into  a  city  of  the  second  class,  Mr.  W. 
H.  James  being  the  first  mayor  and  John  W.  Zollars  city  treasurer.  Within 
two  years  Leadville  grew  to  be  the  second  city  in  the  State,  with  15,000 
inhabitants  and  assessable  property  of  from  $8,000,000  to  $30,000,000.  In 
1880  it  had  28  miles  of  streets,  which  were  in  part  lighted  by  gas  at  an 
expense  of  $5,000  per  annum.  It  had  water-works,  to  supply  all  the  busi- 
ness portion  of  the  city,  having  over  five  miles  of  pipe  laid.  It  had  13 
schools,  presided  over  by  16  teachers,  and  an  average  attendance  of  1,100 
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pupils;  a  high  school,  costing  $50,000;  five  churches,  costing  from  $3,000 
to  $40,000  ;  and  three  hospitals,  in  one  of  which  3,000  patients  were  treated 
during  the  year.  In  1880  $1,400,000  were  expended  in  new  buildings  and 
improvements.  It  had  14  smelters,  with  an  aggregate  of  37  shaft-furnaces, 
of  which  24  were  in  active  operation  during  the  census  year,  and  its  produc- 
ing mines  may  be  roughly  estimated  at  30. 

Production. — The  amount  that  is  annually  added  to  the  metallic  wealth  of 
the  world  by  the  Leadville  district,  the  productive  area  of  whose  deposits 
as  at  present  opened  may  be  estimated  at  about  a  square  mile,  is  truly 
remarkable.  Its  annual  silver  product  alone  is  greater  than  that  given  by 
official  estimates  for  any  of  the  silver-producing  nations  of  the  world  out- 
side of  the  United  States  except  Mexico.  Its  lead  product,  on  the  other 
hand,  though  frequently  neglected  in  estimating  the  total  value  of  its  out- 
put, is  nearly  equal  to  that  of  all  England,  and,  of  other  nations  outside  of 
the  United  States,  it  is  only  exceeded  by  that  of  Spain  and  Germany. 

In  the  magnitude  of  its  product  Leadville  has  been  only  surpassed  in 
the  United  States  by  the  famous  Comstock  lode  in  the  Washoe  district  of 
Nevada,  and  the  surprising  rapidity  of  its  development  in  the  few  years  of 
its  existence  has  been  even  more  remarkable  than  that  of  the  latter,  which 
produced  forty- eight  millions  of  gold  and  silver  during  the  five  years  suc- 
ceeding its  discovery.  The  third  district  of  comparable  importance  in  the 
magnitude  of  its  product  from  a  comparatively  restricted  area  is  the  Eureka 
district  of  Nevada,  which,  according  to  Mr.  Curtis,  has,  in  the  first  fourteen 
years  of  its  existence,  produced  sixty  millions  of  gold  and  silver  and  225,000 
tons  of  lead.1 

Owing  to  the  want  of  any  general  law  compelling  producers  to  fur- 
nish an  exact  and  sworn  statement  of  the  amount  of  their  annual  product, 
it  is  impossible  to  obtain  anything  more  than  an  approximate  estimate  of 
the  metallic  production  of  a  mining  district  like  Leadville.  Such  an  esti- 
mate varies  necessarily  in  the  closeness  of  its  approximation,  with  the  care 
with  which  it  is  made,  with  the  accuracy  with  which  the  records  of  indi- 
vidual mines  and  smelters  have  been  kept,  and  with  the  readiness  shown 

1 J.  S.  Curtis,  Silver-lead  Deposits  of  Eureka.     Washington,  1884. 
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under  varying  circumstances  to  furnish  these  records  to  those  who  may  be 
gathering  statistics. 

The  most  trustworthy  estimates  of  production  are  those  that  were 
obtained  for  the  year  ending  May  31,  1880,  by  those  engaged  in  collecting 
statistics  of  the  production  of  the  precious  metals  for  the  Tenth  Census. 
This  is  due  to  the  fact  that  not  only  was  the  force  of  experts  sufficient 
to  visit  personally  all  the  important  mines  and  smelting  works,  but  the 
law  gave  them  the  authority  to  demand,  if  necessary,  an  accurate  tran- 
script of  their  records,  and  the  data  thus  gathered  were  subjected  to  a  crit- 
ical analysis  during  compilation  by  those  technically  familiar  with  the 
various  branches  of  mining  industry.  Moreover,  it  was  a  most  favorable 
epoch  in  the  development  of  the  district  for  obtaining  an  accurate  record, 
since  the  larger  mines  were  being  systematically  worked,  the  record  of 
their  product  was  kept  with  relative  accuracy,  and  as  yet  but  little  ore  was 
shipped  out  of  the  district  for  reduction  and  thus  rendered  difficult  to 
trace. 

The  Census  figures  of  production  for  this  period  are  as  follows : 

Leadville  productg  during  censuf  year,  187!>-'SO. 


Grose  weight. 

Contents. 

Gold. 

Silver. 

Lead. 

I.  Ore  extracted  

AM. 

152,  241 
140,623 
28,283 

Eilot. 
138,  110,  797 
127,571,118 
25,  657,  921 

Ounett. 
1,716 
3,913.7 
3,830.2 

KOat. 
53.38 
121.81 
119.11 

Ounea. 
10,  603,  331 
9,  717,  819 
8,  053,  948 

Kiloi. 
329,  763.  5 
302,  224 
250,  478 

Ounea. 
(I) 
0) 
28,226 

Kiloi. 

II.  Ore  smelted  

III.  Bullion    produced   by 
Leadville  smelters. 

25,  608,  212 

In  the  above  table,  I  gives  the  amount  of  ore  extracted  from  the  vari- 
ous mines  during  the  year  and  the  contents  of  the  same  in  silver  and  gold, 
as  determined  by  assajr  at  the  mines. 

II  gives  the  amount  of   ore  smelted  during  the  year  and  its  assay 
value  in  silver  and  gold,  including  that  sent  out  of  the  district  for  reduction, 
as  determined  by  the  returns  from  smelters  and  sampling  works. 

III  gives  the  bullion  produced  during  the  census  year  by  the  smelt- 
ers situated  at  Leadville  and  its  contents  in  lead,  silver,  and  gold. 


METALLIC  PRODUCTS.  17 

It  thus  appears  that  the  Leadville  ores  contained  during  the  year  an 
average  of  69J  ounces  of  silver  per  ton,  and  that  the  bullion  produced 
therefrom  contained  an  average  of  285  ounces  of  silver  per  ton.  The 
apparent  discrepancy  in  the  amount  of  gold  given  under  the  various  heads 
may  arise  in  part  from  the  fact  that  it  is  generally  present  in  such  minute 
quantities  in  the  ore  that  the  assayers  at  the  mines  do  not  always  make  an 
estimate  of  it,  and  in  part  from  small  lots  of  gold-bearing  ore  either  from 
Leadville  itself  or  from  adjoining  districts  that  have  escaped  notice  in  making 
up  the  returns  from  mines,  or  in  segregating  outside  ore  in  returns  from 
sampling  works  and  smelters.  It  was  not  possible  to  obtain  an  accurate  esti- 
mate of  the  average  percentage  of  lead  contained  in  all  the  ores  extracted. 
It  appears,  however,  from  data  obtained  from  the  eight  principal  smelters 
running  at  that  time  that  the  average  yield  per  ton  of  ores  treated  by  them 
during  the  year  was  398.8  pounds  or  19.94  per  cent,  of  lead  bullion,  con- 
taining 65.64  ounces  or  0.225  per  cent,  of  silver. 

The  various  newspapers  of  Leadville  have  published  monthly  state- 
ments of  the  bullion  product  of  the  district,  upon  which  the  annual  official 
statements  made  by  the  Director  of  the  Mint  and  other  estimates  of  the 
product  of  the  district  have  been  based.  These  figures  often  bear  internal 
evidence  of  incompleteness  or  inaccuracy,  and  from  want  of  any  evidence 
of  the  relative  care  with  which  they  have  been  made,  it  is  difficult  to  know, 
in  cases  of  discrepancy  between  them,  which  is  the  most  trustworthy. 
Nevertheless,  in  the  absence  of  any  other  complete  data,  these  must  be 
assumed  as  the  nearest  approximation  available. 

The  following  table  of  the  product  of  the  district,  since  the  discovery 
of  silver-lead  deposits,  has  been  compiled  from  these  sources,  using  mainly 
the  figures  of  the  Leadville  Herald,  which  have  been  the  most  continuously 
collected  and  published.  In  the  case  of  shipments  of  ore  to  be  reduced 
outside  the  district,  of  which  only  the  price  received  is  in  many  instances 
given,  the  weight  of  the  metals  contained  in  these  shipments  has  been 
assumed  arbitrarily  to  average  the  same  as  those  in  which  the  relative 
weights  are  known,  which  evidently  cannot  give  the  exact  amount  in  every 
case,  but  which  would  be  probably  as  nearly  correct  as  an  arbitrary 
assumption  of  probable  averages  for  each  year.  The  value  of  the  total 
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product  is  calculated  according  to  the  mint  valuation  ($1.2929  per  ounce 
of  silver),  which,  as  is  well  known,  is  in  the  case  of  silver  considerably 
higher  than  the  fluctuating  market  value,  and  increases  the  value  given  for 
the  total  product  by  about  seven  million  dollars  above  that  which  would 
be  obtained  by  using  the  market  value,  if  it  were  possible  to  obtain  it  in 
each  case.  The  price  of  lead  is  assumed  at  4£  cents  a  pound  as  an  aver- 
age for  the  whole  period  involved : 

Production  of  LeadriUe  mines  from  Ib77  /o  18J4,  inrlii*ire. 


Gold. 

Silver. 

Load. 

Value. 

Ouncti. 

77,  197 
25,823 

Kilogram. 
2,401 
803 

Ouncet. 
42,  089,  722 
0.  012,  644 

KUoyramt. 
1,308.990 
280,293 

r,*,. 

203,  831 

102.  867 

Kilogram*. 
184,912,426 
93,  319,  399 

DoUart. 
74,  358,  395 
21,506,343 

Shipped  out  of  the  district.  .  - 
Total 

103,  022 

3,204 

51,  102,  SCO 

1,  5S9,  283 

306,008 

278,  231,  825 

95,  864,  738 

In  the  time  that  has  elapsed  since  the  census  year,  although,  owing 
partly  to  decline  in  value  of  the  metals  and  partly  to  a  lower  average  tenor 
of  the  ore,  the  total  value  of  the  annual  product  has  decreased,  the  amount 
of  ore  extracted  from  the  mines  of  the  district  has  very-  considerably 
increased,  this  having  been  in  the  census  year  (1879-1880)  152,241  tons, 
and  in  the  year  1884,  according  to  the  report  of  the  Director  of  the  Mint, 
232,000  tons. 


CHAPTER  II. 

GENERAL  GEOLOGY  OF   THE  MOSQUITO  RANGE. 

ROCKY  MOUNTAINS  IN  COLORADO. 

The  simplest  expression  of  the  geological  structure  of  the  Rocky 
Mountains  in  Colorado  is  that  of  two  approximately  parallel  uplifts  or  series 
of  ridges  of  Archean  rocks,  upon  whose  flanks  rest  at  varying  angles  a 
conformable  series  of  sedimentary  formations  extending  in  age  from  the 
earliest  Cambrian  to  the  latest  Cretaceous  epochs,  the  latter  being  locally 
overlaid  by  unconformable  Tertiary  beds. 

The  eastern  uplift  is  generally  known  as  the  Colorado  or  Front  Range 
and  the  western  as  the  Park  Range,  the  series  of  depressions  or  mountain. 
valleys  between  them  having  received  the  name  of  parks. 

The  most  prominent  fact  thus  far  recognized  in  the  geological  history 
of  this  region  is  that  a  great  physical  break  or  non-conformity  in  the  strata 
is  found  between  the  Cretaceous  and  Tertiary  formations;  in  other  words, 
that  at  this  period  occurred  the  great  dynamic  movement  which  uplifted 
the  Rocky  Mountain  region  essentially  into  its  present  position.  As  the 
beds  of  the  Paleozoic  and  Mc.sozoic  systems  have  been  thus  far  found  to 
be  practically  conformable  throughout  the  region,  it  may  be  assumed  that 
no  important  dynamic  movement  took  place  during  these  eras,  and  that 
deposition  went  on  continuously,  except  when  continental  elevations  of  the 
whole  region  may  have  caused  a  temporary  recession  of  the  waters  of  the 
ocean  for  a  limited  period,  and  thus  produced  a  gap  or  gaps  in  the  geolog- 
ical series .  without  causing  any  variation  in  angle  of  deposition  in  the  at 
present  successive  beds. 
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Eastern  uplift. — The  Colorado  or  Front  Kange  is  the  move  extensive  and 
more  important  of  the  two  Archean  uplifts,  and  along  its  eastern  flanks  is 
exposed,  by  the  denudation  of  the  overlying  Tertiary  formations,  an  almost 
continuous  fringe  of  upturned  Paleozoic  and  Mesozoic  beds. 

The  most  significant  geological  fact  to  be  observed  in  connection  with 
these  exposures  of  upturned  beds  is  that  the  formation  which  is  immediately 
adjacent  to  the  Archean  varies  from  place  to  place.  At  one  point  Triassic 
beds,  sloping  away  at  varying  angles  from  the  flanks  of  the  mountain,  rest 
directly  upon  the  Archean  beds;  at  another  point  the  lower  beds  of  the  Cre- 
taceous; at  still  another,  and  this  more  rarely,  the  Carboniferous  limestones 
are  exposed  resting  against  the  Archean,  while  above  them,  always  con- 
formable, are  found  the  Triassic,  Jurassic,  and  Cretaceous  formations  as 
one  follows  the  section  in  an  ascending  geological  sense.  At  one  or  two 
points  only  along  the  eastern  flanks  Silurian  beds  are  exposed  beneath 
the  Carboniferous. 

It  has  been  customary  with  many  of  the  early  geological  explorers 
to  consider  the  uplift  of  these  mountain  ranges  to  be  that  of  a  simple  anti- 
clinal fold  in  the  sedimentary  strata,  which  once  arched  over  the  underlying 
nucleus  of  crystalline  rocks;  this  was  once  considered  the  typical  structure 
of  a  mountain  range.  In  practical  field  geology,  however,  it  is  found  that 
the  symmetrical  form  resulting  from  this  typical  structure  of  mountain 
range  is  one  of  the  rarest  occurrences,  at  least  in  the  Rocky  Mountain 
region.'  The  one  great  instance  of  such  a  perfect  anticlinal  range  is  that  ot 
the  Uinta  Mountains,  which  presents  exceptional  features  distinguishing  it 
from  the  majority  of  mountain  ridges  of  the  Rocky  Mountain  system ;  this 
has  a  peculiarly  normal  anticlinal  structure  in  the  first  place,  and  in  the 
second  place  its  trend  is  east  and  west,  whereas  all  the  other  great  mount- 
ain ridges  of  the  Cordilleran  system  have  a  direction  varying  between  north 
and  south  and  northwest  and  southeast. 

The  facts  just  noticed  with  regard  to  the  sedimentary  beds  which  rest 
against  the  eastern  flunks  of  the  Rocky  Mountains,  it  will  be  readily  seen, 
exclude  the  possibility  of  the  typical  anticlinal  structure  above  mentioned. 
If  we  suppose  a  conformable  series  of  sedimentary  beds  to  have  been  folded 
into  a  long  anticlinal  fold  and  the  crest  of  this  fold  subsequently  planed 
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off  by  erosion,  so  that  the  core  of  the  fold  is  exposed,  the  projection  or  hori- 
zontal section  made  thus  by  the  planing  off  of  its  crest  would  necessarily 
show  a  continuous  line  of  outcrops  along  either  side  of  the  axis  of  the  fold, 
in  which  the  lowest  bed  of  the  conformable  series  would  invariably  be  seen 
at  the  contact  of  the  underlying  rocks  which,  when  these  beds  were  depos- 
ited, formed  the  floor  of  the  then  existing  ocean.  In  other  words,  if  the 
Rocky  Mountain  uplift  were  a  typical  anticlinal  uplift,  the  sandstones  of 
the  Cambrian  period,  which  are  the  lowest  beds  of  the  conformable 'series 
exposed,  would  be  found  continuously  along  the  eastern  flanks  of  the  Rocky 
Mountains  wherever  erosion  had  swept  away  the  obscuring  Tertiaries  so 
that  the  edges  of  the  folded  rocks  could  be  seen. 

Since  it  is  evident,  then,  that  the  entire  series  of  these  beds  could  not  at 
any  time  have  arched  over  the  present  Archean  exposures,  the  alternative 
presents  itself  that  these  exposures  represent  an  ancient  continent  or  island 
along  whose  shores  they  were  deposited,  a  hypothesis  which  is  borne  out 
by  the  lithological  character  of  the  beds  themselves,  which  bear  abundant 
internal  evidence,  in  ripple-marks,  in  prevailing  coarseness  of  sediment,  and 
in  -the  abundance  of  Archean  pebbles  in  the  coarser  beds,  that  they  are  a 
shore-line  deposit.  The  varying  completeness  in  the  series  of  sedimentary 
beds  exposed  at  different  points  w.ould  in  this  case  be  explained  by  unequal 
local  erosion  or  elevation,  by  which  the  contact,  now  of  a  lower,  now  of  a 
higher  horizon,  with  the  original  Archean  cliff  would  be  laid  bare. 

Inasmuch  as  the  same  evidence  of  shore-line  conditions  is  found  wher- 
ever the  sedimentary  beds  adjoining  the  larger  masses  of  Archean  have 
been  carefully  studied,  and  as,  moreover,  in  no  part  of  the  higher  regions  of 
these  Archean  ridges  have  relics  of  sedimentary  beds  been  found,  not  even 
of  the  later  Tertiary  formations,  as  would  be  expected  had  they  originally 
arched  over  these  ridges,  it  is  evident  that  these  Archean  islands  have  never 
been  entirely  submerged  since  they  first  appeared  above  the  ocean  level. 

The  Colorado  Range  formed  the  most  extensive  of  these  ancient  land- 
masses,  and  its  outlines  probably  did  not  vary  essentially  from  those  of  the 
present  Archean  areas.  Extending  from  Pike's  Peak  northward  to  the  bound- 
ary of  the  State,  its  dimensions  were  approximately  one  hundred  and  fifty 
miles  in  length  by  about  thirty-five  to  forty  miles  in  width.  To  the  eastward 
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it  presented  a  continuous  and  regular  shore  line,  broken  only  by  a  single 
narrow  bay,  separating  the  Pike's  Peak  mass  from  the  mainland,  and  now 
known  as  Manitou  Park.  On  the  west,  toward  the  parks,  its  original  out- 
lines are  as  yet  less  certainly  known,  but  though  less  regular  they  probably 
had  a  general  parallelism  with  the  eastern  shore  line.  North  and  south  this 
line  of  elevation  was  continued  by  a  series  of  islands  and  submerged  reefs 
to  the  Black  Hills  of  Dakota  on  the  one  hand  and  into  the  present  Ter- 
ritory of  New  Mexico  on  the  other. 

The  Parks. — That  the  present  valleys,  known  respectively  as  the  North, 
Middle,  and  South  Parks,  have  been  more  or  less  submerged  in  Paleozoic 
and  Mesozoic  and  again  in  Tertiary  times,  and  that  at  one  time  they  formed 
a  connected  series  of  bays  or  arms  of  the  sea,  is  proved  by  the  sediments  of 
those  eras  that  are  still  found  in  them.  Although  the  geology  of  the  park 
region  has  not  been  studied  in  sufficient  detail  to  afford  complete  data  in 
regard  to  its  past  history,  enough  is  known  to  furnish  its  general  outlines. 

In  some  respects  the  present  conditions  of  these  depressions  are  those 
that  prevailed  in  the  earliest  Paleozoic  times;  in  others  they  have  expe- 
rienced more  or  less  change.  Then  as  now  the  outlet  or  opening  of  the 
North  Park  was  toward  the  north,  of  the  Middle  Park  toward  the  west,  and 
of  the  South  Park  toward  the  south.  Oh  the  other  hand,  up  to  the  close  of 
the  Cretaceous  the  North  and  Middle  Parks  were  connected  and  formed  a 
single  depression;  the  present  mountain  barrier  between  the  Middle  and 
South  Parks  did  not  extend  as  far  as  their  western  boundaries,  and  a  water 
connection  existed  between  them,  whose  outlines  cannot  now  be  given 
exactly,  owing  to  faulting  and  subsequent  denudation;  again,  the  waters  of 
the  South  Park  extended  westward  to  the  flanks  of  the  land  mass  now  form- 
ing the  Sawatch  Range.  It  seems  probable  that  in  earlier  Paleozoic  times 
only  the  North  and  South  Parks  were  sufficiently  submerged  to  receive  the 
sediments  that  were  washed  down  from  the  neighboring  land  masses,  but  that, 
as  time  went  on,  the  waters  became  deeper  or  the  sea  bottom  subsided,  so 
that  in  Cretaceous  times  sediments  were  deposited  continuously  through  the 
three  valleys.  In  Tertiary  times  again,  after  they  had  been  raised  above 
the  ocean-level,  fresh-water  lakes  occupied  the  parks,  and  in  their  basins 
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sedimentary  beds  were  deposited,  which  have  since  been  so  extensively 
eroded  off  that  the  age  or  extent  of  these  lakes  cannot  readily  be  determined. 

western  uplift. — The  western  boundary  of  the  park  area  consisted  of  two 
or  more  distinct  ridges  or  islands,  forming,  however,  a  general  line  of  eleva- 
tion nearly  parallel  with  that  of  the  Colorado  Range.  These  are  the  Park 
Range  proper,  on  the  west  side  of  the  North  Park,  and  the  Sa watch  Range, 
now  separated  from  the  South  Park  by  the  Mosquito  Range.  Between  these 
was  the  Archean  mass  of  the  Gore  Mountains,  which  formed,  with  the 
southern  extremity  of  the  Park  Range,  the  western  wall  of  the  Middle  Park, 
of  whose  geological  relations  but  little  is  definitely  known. 

The  present  topographical  boundary  of  the  South  Park  on  the  west  is 
the  Mosquito  Range,  which  has  for  this  reason  been  also  called  the  Park 
Range.  Geologically,  however,  this  name  is  less  appropriate  than  topo- 
graphically, since  prior  to  Cretaceous  times  no  Mosquito  Range  existed, 
but  the  rocks  which  now  form  its  crest  still  rested  at  the  bottom  of  the  sea. 
The  Sawatch  range  forms  the  normal  southern  continuation  of  the  Park 
Range  as  an  original  Archean  land-mass;  hence  it  seems  advisable  to  avoid 
the  use  of  the  name  Park  Range  in  this  latitude. 

The  Archean  land-mass  of  the  Sawatch  in  Paleozoic  times,  judging  from 
the  almost  continuous  fringe  of  Cambrian  beds  encircling  it,  as  shown  on 
the  Hayden  maps,  which  may  be  assumed  to  represent  a  tolerable  approxi- 
mation to  its  original  outlines,  was  an  elliptical-shaped  area,  trending  a  little 
west  of  north,  with  a  length  of  about  seventy-five  miles  and  an  extreme 
breadth  of  about  twenty  miles.  Through  the  eastern  portion  of  this  area, 
and  parallel  with  its  longer  axis,  runs  the  valley  of  the  Upper  Arkansas 
River,  now  an  important  feature  in  the  topography,  but  which  during 
Paleozoic  and  Mesozoic  times  did  not  exist. 

The  relative  height  of  these  mountain  masses  above  the  adjoining 
valleys  must  have  been  far  greater  then  than  now,  since  the  sedimentary 
beds  which  surround  them  must  have  been  formed  out  of  the  comminuted 
material  abraded  from  their  slopes.  It  is  probable,  however,  that  they 
were  not  the  only  land  masses  at  that  time,  and  future  geological  studies 
in  this  region  will  doubtless  decipher  many  yet  unopened  pages  in  its 
past  history.  The  great  area  of  volcanic  rocks  to  the  southwest,  whose 
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culminating  points  are  the  San  Juan  Mountains,  may  very  likely  conceal 
the  remains  of  a  former  land  mass  of  equal,  if  not  greater,  dimensions  than 
this.  The  present  Archean  areas  to  the  south,  in  the  Wet  Mountain  and 
Sangre  de  Cristo  Ranges,  may  also,  in  part  at  least,  have  been  land  masses 
at  those  times.  Moreover,  the  not  infrequent  occurrence  of  Cretaceous 
beds  lying  directly  upon  the  Archean  at  points  far  away  from  any  well- 
defined  ancient  shore  line,  suggest  elevations  and  subsidences  of  which  the 
geological  studies  thus  far  made  in  Colorado  furnish  no  record.  The  areas 
already  mentioned  were,  however,  the  most  important  elevations,  since  they 
are  the  only  ones  of  which  it  may  now  be  said  with  tolerable  certainty  that 
they  have  been  permanent  land  surfaces  through  the  long  cycles  that  have 
elapsed  since  the  commencement  of  the  Paleozoic  era.  Their  considera- 
tion, therefore,  is  all  that  is  necessary  for  the  purposes  of  the  present  study. 

Mountain  structure. — It  is  no  longer  assumed,  as  it  was  in  the  early  days 
of  geology,  that  the  elevation  of  mountains  is  the  result  of  a  vertically 
acting  force  or  a  direct  upthrust  from  below.  On  the  contrary,  the  gen- 
erally received  contraction  theory,  which  is  the  one  that  best  accords  with 
all  observed  facts  of  geological  structure,  supposes  that  it  is  horizontally 
acting  forces  that  have  uplifted  them.  According  to  this  theory,  during 
the  secular  cooling  of  the  earth  from  a  molten  mass,  a  solid  crust  was  first 
formed  on  its  exterior.  As  cooling  and  consequent  contraction  of  the  whole 
mass  went  on,  this  first-formed  crust,  in  order  to  adapt  itself  to  the  reduced 
volume  of  its  nucleus,  also  contracted ;  but,  as  it  was  more  or  less  rigid,  this 
contraction  resulted  in  the  formation  of  wrinkles  or  ridges  on  its  surface, 
which  there  is  considerable  evidence  to  show  occupied  essentially  the  same 
lines  that  the  present  mountain  systems  of  the  world  do.  Whatever  the 
determining  cause  that  originally  fixed  these  lines,  the  earth's  crust  along 
them  would  have  been  compressed,  plicated,  and  probably  fractured,  and, 
in  subsequent  dynamic  movements  resulting  from  continued  contraction, 
they  would  have  constituted  lines  of  weakness  along  which  the  effects  of 
these  movements  would  have  found  most  ready  expression. 

Whether  the  consolidation  of  the  entire  earth- mass  is  already  com- 
pleted, or  whether  there  still  remains  a  molten  nucleus  towards  its  centre, 
is  a  purely  speculative  question,  upon  which  geologists  are  not  yet  in  entire 
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accord,  and  whose  discussion  would  not  be  appropriate  in  a  memoir  like 
the  present,  which  has  to  do  with  observed  facts  and  with  theories  only 
so  far  as  they  are  necessary  for  a  proper  comprehension  of  these  facts.  It 
is  an  observed  fact  that  in  the  great  mountain  systems  are  found  the  most 
intense  expression  of  the  compression  of  the  crust,  in  plications  and  in  great 
faults.  It  is  also  an  observed  fact  that  along  these  lines  of  elevation  and 
of  consequent  fracturing  of  the  crust,  have  occurred  the  most  extensive 
extrusions  and  intrusions  of  molten  or  eruptive  rock,  whatever  may  have 
been  their  source — whether  from  a  fluid  center  or  from  a  fluid  envelope 
between  a  solid  center  and  a  solidified  crust,  or  from  subterranean  lakes 
of  molten  rock  at  different  and  varying  points  beneath  the  crust.  It  may 
likewise  be  considered  a  fact  of  observation  that  the  tangential  or  horizontal 
thrust  which  the  contraction  theory  requires  most  readily  accounts  for 
the  plication  arid  faulting  of  the  sedimentary  beds  which  geological  study 
discloses.  This  thrust  may  be  best  conceived  as  the  expression  of  two 
forces  of  compression :  a  major  force  acting  at  right  angles  to  the  longi- 
tudinal axis  of  the  mountain  system,  or  east  and  west,  and  a  minor  force 
acting  in  a  direction  parallel  with  that  axis,  or  north  and  south. 

The  geological  structure  of  the  Rocky  Mountains  forms  as  marked  a 
contrast  to  that  of  the  regions  adjoining  it  on  either  side  as  do  its  topo- 
graphical features.  On  the  Great  Plains,  which  stretch  in  an  almost  unbroken 
slope  from  their  eastern  base  to  the  Mississippi  River,  or,  it  might  be  said, 
to  the  western  foot  of  the  Appalachians,  the  strata  which  form  the  surface  lie 
in  broad  undulations,  whose  angles  of  dip  are  so  gentle  as  to  be  scarcely 
perceptible  to  the  eye,  and  which  are  apparently  broken  by  no  important 
displacements. 

In  the  Colorado  Plateau  region,  which  extends  from  their  western  edge 
to  the  base  of  the  parallel  line  of  uplift  of  the  Wasatch,  the  beds  seem  as 
horizontal  as  when  they  were  originally  deposited,  but  along  certain  lines 
abrupt  changes  of  level  are  brought  about  by  sharp  monoclinal  folds,  accom- 
panied by  or  passing  into  faults,  and  having  great  longitudinal  extent. 

In  the  intervening  mountain  region  the  strata  are  compressed  against 
the  original  land  masses  and  flexed  until  the  limit  of  tension  is  reached, 
when  by  great  displacements,  often  measured  by  thousands  of  feet,  their 
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edges  are  pushed  past  and  over  each  other,  the  movement  of  both  folds  and 
faults  showing  that  the  force  which  produced  them  was  acting  from  either 
side  toward  the  center  of  the  original  land  masses. 

As  contrasted  with  the  Basin  region  west  of  the  Wasatch  uplift,  the 
folds  of  the  Rocky  Mountains  show  a  greater  plasticity  in  the  sedimentary 
strata  by  their  relative  sharpness,  the  anticlines  and  synclines  in  the  former 
having  more  gentle  and  equal  slopes,  while  in  the  latter  they  often  have 
the  form  of  an  S,  with  one  member  almost  bent  under  the  other  into  an 
isocline. 

Compared  with  the  remarkably  compressed  folds  of  the  Appalachians,  on 
the  other  hand,  where  the  isocline  may  be  considered  the  type  structure,  the 
flexures  of  the  Rocky  Mountains  show  that  the  sedimentary  rocks  are  far  from 
possessing  the  great  plasticity  and  compressibility  that  they  have  intheformer. 
The  contrast  between  the  eastern  and  western  mountain  systems,  in  respect 
to  the  relative  plasticity  of  their  strata,  is  so  marked  that  it  would  seem  that 
the  reason  therefor  must  be  readily  apparent.  It  is  not  that  the  beds  in  the 
former  are  thinner ;  on  the  contrary,  the  corresponding  Paleozoic  formations 
are  many  times  thicker  in  the  Appalachians  than  in  the  Rocky  Mountains. 
It  is  to  be*  remarked,  however,  that  in  the  former  eruptive  rocks  are  com 
paratively  rare,  especially  those  of  Mesozoic  and  Tertiary  age,  while  in  the 
Rocky  Mountains  they  are  most  abundant  and  in  the  western  part  of  the 
Basin  region  they  form  the  greater  part  of  the  surface ;  to  this  fact  may 
probably  be  ascribed,  as  will  be  shown  later,  the  less  plastic  condition  of 
the  earth's  crust  in  the  latter  regions. 

In  the  character  of  these  eruptive  rocks,  again,  there  is  a  marked  con- 
trast between  the  Rocky  Mountains  and  the  Basin  region  of  Nevada.  In 
the  latter  they  almost  exclusively  belong  to  the  Tertiary  volcanics,  approach- 
ing in  character  the  lavas  of  modern  volcanoes,  the  older  and  more  crystal- 
line varieties,  corresponding  to  the  Mesozoic  porphyries  of  Europe,  having 
been  rarely 'observed  on  the  surface.  In  the  Rocky  Mountain  region,  on 
the  other  hand,  while  the  Tertiary  eruptive  rocks  are  often  developed  on  a 
very  large  scale,  the  earlier  and  more  crystalline  varieties  seem  to  have  an 
equal  and  even  greater  importance,  if  not  in  the  actual  amount  of  surface 
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they  occupy,  certainly  in  the  influence  which  they  have  had  upon  the  con- 
centration of  mineral  formation. 

In  that  portion  of  the  Rocky  Mountain  region  under  consideration  there 
is  a  noticeable  connection  between  the  structural  lines  and  those  along  which 
eruptive  action  has  been  most  active.  The  latter  correspond  with  the  lines 
of  weakness,  of  greatest  folding  and  faulting.  Leaving  out  of  consideration 
the  dikes  which  traverse  the  Archean  rocks,  which,  though  numerous,  are 
of  relatively  small  mass,  the  eastern  uplift  gives  evidence  of  little  eruptive 
activity,  it  being  shown  only  by  a  few  isolated  outflows  of  Tertiary  lavas. 
Along  the  line  of  the  parks,  on  the  other  hand,  both  earlier  and  later  erup- 
tions are  so  frequent  that  their  outcrops  form  an  almost  continuous  line  from 
north  to  south  parallel  with  the  western  uplift,  while  along  the  west  base  of 
the  latter  the  Elk  Mountains,  the  head  of  White  River,  and  the  Elk  Head 
Mountains  in  Wyoming  have  apparently  been  the  scenes  of  most  violent  and 
repeated  eruptions  during  both  Mesozoic  and  Tertiary  times. 

MOSQUITO    RANGE. 

Topography. — That  portion  of  the  Mosquito  Range  the  study  of  whose 
geological  structure  was  considered  necessary  for  a  proper  comprehension 
of  the  ore  deposits  of  Leadville  is  shown  in  relief  on  Atlas  Sheet  V.  It 
comprises  a  length  of  19  miles  along  the  crest  of  the  range,  and  in  width 
includes  its  foot-hills,  bordering  the  Arkansas  Valley  on  the  west  and  South 
Park  on  the  east,  a  slope  in  the  one  case  of  seven  and  one-half  miles  and 
in  the  other  of  about  nine  miles  in  a  direct  line.  This  is  essentially  an 
alpine  region,  scarcely  a  point  within  the  area  of  the  map  being  less  than 
10,000  feet  above  sea  level. 

In  this  area  the  range  has  a  sharp  single  crest  trending  almost  due 
north  arid  south,  the  Echelon  structure  being,  however,  developed  on  the 
northern  and  southern  limits  of  the  map  respectively.  To  the  west  this 
crest  presents  abrupt  escarpments,  descending  precipitously -into  the  great 
glacial  amphitheaters  which  exist  at  the  head  of  almost  all  the  larger  streams 
flowing  from  the  range.  The  spurs  have  extremely  irregular,  jagged  out- 
lines, resulting  from  the  numerous  minor  hills  which  rise  above  the  average 
slope.  Within  a  few  miles  of  the  valley  bottom,  however,  their  form  sud- 
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denly  changes,  and  from  sharp  serrated  ridges  they  become  broad,  gently 
sloping  mesas  or  table-lands.  On  the  eastern  side,  though  the  descent  into 
the  glacial  amphitheaters  is  almost  as  precipitous,  the  average  slope  is  much 
less  steep,  and  the  spurs  as  a  rule  descend  in  long  sweeping  curves,  widen- 
ing out  gradually  as  they  approach  the  valley. 

The  spurs  on  either  side  of  the  range  are  thickly  covered  with  a  forest 
growth  of  alpine  character,  reaching  from  the  valleys  of  the  streams  up  to 
an  average  altitude  of  11,700  feet,  the  upper  limit  varying  somewhat  with 
the  more  or  less  favorable  conditions  of  the  surface,  and  extending  appar- 
ently somewhat  higher  on  the  western  than  on  the  eastern  slopes. 

In  the  northern  portion  of  this  area,  between  the  heads  of  the  Arkan- 
sas and  Platte  Rivers,  the  main  crest  of  the  range,  which  has  hitherto  fol- 
lowed an  almost  straight  line,  takes  a  bend  en  echelon,  and  is  continued  on  a 
line  removed  about  two  miles  to  the  eastward,  resuming,  however,  its  orig- 
inal line  just  beyond  the  limits  of  the  map.  The  massive  formed  by  the 
three  peaks,  Mounts  Cameron,  Bross,  and  Lincoln,  the  last  the  highest  point 
within  the  area  mapped,  lies  still  to  the  eastward  of  this  crest  and  is  topo- 
graphically an  almost  independent  uplift.  Sheep  Mountain  and  the  ridge 
which  extends  southeastward  from  it  also  form  an  apparently  abnormal 
feature  in  the  topography  of  the  eastern  slope. 

The  sketch  given  in  Plate  III  shows  the  general  outlines  of  the  eastern 
slopes  of  the  Mosquito  Range  and  the  basin  of  the  South  Park,  as  seen 
from  a  western  spur  of  Mount  Silverheels.  The  sky-line  of  the  western  half 
is  the  crest  of  that  portion  of  the  range  included  in  the  map  which  lies  south 
of  Mosquito  Peak,  the  low  gap  is  that  of  Weston's  pass,  beyond  which  is 
the  Buffalo  Peaks  group.  The  various  gulches  south  of  the  Mount  Lin- 
coln massive  are  indicated  by  name,  and  the  lines  of  outcrop  on  their 
walls  are  somewhat  strengthened  to  show  the  geological  structure,  which 
will  be  explained  in  detail  in  Chapter  IV.  Buffalo  Peaks  are  25  miles 
distant  from  the  point  of  view,  and  the  volcanic  hill  in  the  extreme  left- 
hand  corner  of  the  sketch,  seen  across  the  South  Park  plain,  is  over  40 
miles  distant.  The  little  hill  on  the  edge  of  the  plain,  and  on  a  line  with 
the  eastern  spur  of  Buffalo  Peaks,  which  forms  the  continuation  of  the 
Sheep  Mountain  ridge,  is  Black  Hill,  which  lies  just  beyond  the  extreme 
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southeast  corner  of  the  Mosquito  map.  The  base  of  this  hill  is  10,000  feet 
above  the  level  of  the  sea. 

It  were  scarcely  possible  to  select  an  alpine  region  more  admirably 
adapted  to  illustrate  the  interdependence  of  topographical  and  geological 
structure  than  that  chosen  for  this  study.  The  gentle  slopes  of  the  eastern 
spurs  follow  the  inclination  of  the  easterly  dipping  beds  of  Paleozoic  rocks 
which  form  their  surface,  and  which  remain  in  broad  sheets,  like  the  covering 
of  a  roof,  to  protect  the  underlying  Archean  schists  from  erosion.  Where 
they  have  been  cut  through,  first  by  the  erosive  action  of  glaciers  and 
later  by  the  corrasive  action  of  mountain  streams,  to  their  stratified  structure 
is  due  the  formation  of  the  almost  perpendicular  cliffs  which  form  the  canon 
walls  of  their  streams.  The  generally  abrupt  slope  immediately  west  of 
the  crest  is  due  to  a  great  fault  extending  along  its  foot,  in  virtue  of  whose 
movement  the  western  continuation  of  the  sedimentary  beds,  which  slope 
up  the  eastern  spurs  and  cap  the  crest  itself,  are  found  at  a  very  much 
lower  elevation  on  the  western  spurs  ;  while  the  jagged  outline  of  the 
western  spurs  is  due  to  a  series  of  minor  faults  and  folds,  crossing  them 
nearly  at  right  angles.  The  secondary  uplift  of  the  Sheep  Mountain  ridge 
on  the  eastern  slopes  is  the  expression  of  a  second  great  line  of  fault  and 
flexure,  whose  direction,  like  that  of  the  ridge  itself,  forms  an  acute  angle 
with  that  of  the  main  crest.  The  elevation  of  the  Mount  Lincoln  massive 
is  the  result  of  a  combination  of  the  forces  which  have  uplifted  the  Mosquitc 
Range  and  of  those  which  have  built  up  the  transverse  ridge  which  sepa- 
rates the  South  from  the  Middle  Park. 

In  the  later  topography  of  the  range  the  results  of  the  action  of  a 
system  of  enormous  glaciers  are  seen  in  the  immense  amphitheaters  which 
form  the  heads  of  its  main  streams,  and  in  the  characteristic  V-shaped 
transverse  outlines  of  the  valleys  descending  from  them.  Finally,  the  mesa- 
like  character  of  the  lower  end  of  the  western  spurs  toward  the  Arkansas 
Valley  is  due  to  the  existence  beneath  their  surface  of  comparatively  undis- 
turbed beds  deposited  at  the  bottom  of  a  lake  formed  at  the  head  of  that 
valley  by  the  melting  of  the  ice  at  the  close  of  the  first  portion  of  the 
Glacial  period. 
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The  evidence  furnished  by  the  deposits  of  this  lake  affords  an  interest- 
ing confirmation  of  the  deduction  already  made  by  geologists  from  the  study 
of  the  glacial  drift  in  Europe  and  in  the  Eastern  States,  arid  by  Messrs. 
King  and  Gilbert  from  their  study  of  the  lake  deposits  of  the  Basin  regions 
of  Utah  and  Nevada;  namely,  that  the  Glacial  period  presented  two  maxima 
of-  cold,  with  an  intervening  warmer  period  during  which  the  ice  was 
partially  melted  and  vegetation  flourished.  The  general  character  of  the 
stratified  deposits  of  the  Arkansas  Lake  shows  that  they  must  have  been 
carried  down  during  a  time  of  great  floods  and  that  they  are  formed  largely 
of  rearranged  moraine  material.  The  thickness  of  these  deposits  proves  the 
the  existence  during  a  long  period  of  a  lake  which  during  part  of  the  year 
was  not  frozen ;  their  position  shows  that  the  shores  of  the  lake  extended 
several  miles  to  the  eastward  of  the  Arkansas  Valley.  Finally,  the  facts 
that  these  beds  are  deeply  buried  beneath  surface  accumulation  of  detrital 
material  and  that  the  moraines  of  now  extinct  glaciers  extend  out  beyond 
the  original  shore-line  of  the  lake  and  rest  above  its  beds,  prove  that  subse- 
quent to  the  draining  of  the  lake  another  set  of  glaciers,  formed  during  a 
later  period  of  cold,  covered  the  slopes  of  these  mountains  and  carved  out 
to  a  greater  depth  the  present  valleys. 

Geological  history. — Although  now  so  prominent  a  feature  in  the  topogra- 
phy  of  the  Rocky  Mountains,  the  Mosquito  Range,  from  the  sources  of  the 
Arkansas  River  to  the  southern  end  of  the  main  Arkansas  \7alley,  is  geolog- 
ically a  part  of  the  Sawatch  uplift.  It  was  from  the  abrasion  of  the  land 
surfaces  exposed  in  the  Archean  island  which  occupied  the  present  position 
of  the  Sawatch  range  that  the  sediments  which  constitute  its  stratified  beds 
were  doubtless  in  a  great  measure  formed.  In  the  seas  that  surrounded  this 
island  during  Paleozoic  and  Mesozoic  times  was  deposited  a  conformable 
and,  as  far  as  present  evidence  shows,  an  almost  continuous  series  of  coarse 
sandstones  and  conglomerates,  alternating  with  dolomitic  limestones  and 
calcareous  and  argillaceous  shales.  The  geology  of  the  Rocky  Mountains 
has  not  yet  been  studied  in  detail  over  a  sufficiently  extended  area  to  afford 
data  for  tracing  the  history  of  the  elevations  and  subsidences  to  which  the 
region  as  a  whole  may  have  been  subjected,  or  of  the  alternate  recessions  and 
advances  of  ocean  waters  during  this  long  lapse  of  time.  The  examination 
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of  these  beds  made  during  the  present  investigation  furnishes  some  evidence 
of  a  shallowing  of  these  seas,  and  perhaps  even  of  the  existence  of  some 
land  surfaces  subjected  to  erosion  during  part  of  this  time.  Still,  the  absence 
of  non-conformity  in  the  successive  strata  deposited  and  their  great  uni- 
formity throughout  the  area  studied  show  that  no  violent  dynamic  move- 
ment took  place  before  the  great  disturbance  at  the  close  of  the  Cretaceous, 
which  extended  throughout  the  whole  of  the  Rocky  Mountain  system  and 
was  doubtless  the  main  factor  in  producing  its  present  elevation. 

During  this  long  period  of  conformable  deposition  there  was  an  accu- 
mulation in  this  area  of  10,000  to  12,000  feet  of  sedimentary  beds.  Toward 
the  latter  part  of  this  period,  possibly  very  near  its  close,  there  was  an  exhi- 
bition of  intense  eruptive  activity,  during  which  enormous  masses  of  molten 
rock  were  intruded  through  the  underlying  Archean  tioor  into  the  overly- 
ing sedimentary  deposits,  crossing  the  beds  to  greater  or  less  elevations 
and  then  spreading  out  in  immense  sheets  along  the  planes  of  division 
between  the  different  strata.  It  is  not  possible  at  present  to  define  all  the 
points  at  which  these  eruptive  masses  forced  their  way  up,  although  they 
were  doubtless  very  numerous  and  widely  spread  throughout  the  region; 
but  the  negative  evidence  obtained  proves  that  the  intrusive  force  must 
have  been  almost  inconceivably  great,  since  comparatively  thin  sheets  of 
molten  rock  were  forced  continuously  for  distances  of  many  miles  between 
the  sedimentary  beds.  That  the  eruptions  were  intermittent  and  continued 
during  a  considerable  lapse  of  time  is  proved  by  the  great  variety  of  erup- 
tive rocks  now  found  and  by  the  fact  that  a  given  rock  in  one  place  pre- 
cedes and  in  another  follows  a  second.  It  might  naturally  be  thought  that 
this  .eruptive  activity  must  have  been  coincident  with  or  immediately  sub- 
sequent to  a  great  dynamic  movement;  but  that  it  preceded  the  movement 
at  the  close  of  the  Cretaceous,  which  caused  the  uplift  of  the  Mosquito 
Range  as  well  as  of  the  other  Rocky  Mountain  Ranges,  is  proved  bj:  the 
fact  that  these  interbedded  sheets  of  eruptive  rocks,  porphyries  and  porphy- 
rites,  are  found  practically  conformable  with  their  bounding  strata,  and,  like 
them,  folded  into  sharp  folds  and  cut  off  by  faults.  The  intrusion  between 
the  strata  of  such  vast  masses  of  rock — which  in  some  cases  reached  a 
thickness  of  from  1,000  feet  to  2,000  feet,  and  of  which  in  other  cases  sue- 
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cessive  beds  varying  from  50  feet  to  200  feet  in  thickness  are  now  found 
intercalated  between  alternate  strata  to  the  number  of  15  or  20  in  a  single 
section  —  must  necessarily  have  produced  great  irregularities  in  the  once 
level  surface  of  the  then  existing  crust;  but  these  irregularities  were  largely 
obliterated  by  the  dynamic  movements  which  followed,  and  the  only  traces 
still  remaining  are  variations  in  the  strike  of  the  inclosing  beds,  which  show 
a  tendency  to  curve  around  any  concentration  of  eruptive  masses. 

At  some  time  during  the  long  period  which  intervened  between  the 
final  deposition  of  the  latest  sediments  of  the  Cretaceous  epoch  and  the 
succeeding  deposition  of  Tertiary  strata,  and  during  which  the  waters  of 
the  ocean  gradually  receded  from  the  Rocky  Mountain  region,  the  pent-up 
energy  of  the  force  of  contraction  of  the  earth's  crust,  which  had  accumu- 
lated during  ages  of  comparative  geological  tranquillity,  found  expression  in 
intense  and  prolonged  dynamic  movements  of  the  rocky  strata  forming  the 
immediate  crust  of  the  earth  in  this  region.  These  dynamic  movements  in 
their  simplest  form  may  be  conceived  as  a  pushing  together  from  the  east 
and  from  the  west  of  the  more  recent  stratified  rocks  against  the  relatively 
rigid  mass  of  the  already  existing  Archean  land  masses,  and  a  consequent 
folding  or  crumpling  of  the  beds  in  the  vicinity  of  the  shore-lines,  where, 
owing  to  the  break  in  the  continuity  of  the  strata  and  the  more  irregular 
character  of  the  floor  upon  which  they  rested,  the  conditions  were  more 
favorable  to  the  crumpling  movement  than  they  would  be,  for  instance,  in 
the  open  plains,  where  a  great  thickness  of  level  and  hitherto  undisturbed 
beds  offers  no  lines  of  weakness  to  favor  a  commencement  of  folding.  It  is 
here  a  question  only  of  the  movement  of  the  distinctly  stratified  beds, 
because  it  is  in  these  alone  that  the  resulting  flexures  can  be  accurately 
studied  and  mapped  out;  but  it  is  evident  that  the  crystalline  and  already 
violently  contorted  beds  which  formed  the  Archean  land  masses  must  have 
also  partaken  in  the  resulting  movements,  and  their  axial  regions  have  been 
lifted  up  to  a  great  elevation,  of  which  the  present  height  of  the  culminating 
peaks  of  the  Rocky  Mountains,  formed  as  they  are  in  the  majority  of  cases 
exclusively  of  Archean  rocks,  is  only  a  very  much  modified  expression. 
Contemporaneously  with  the  east  and  west  movements  (the  expression  of 
the  major  force  of  contraction  in  this  region),  there  acted  also  a  minor  force 
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of  contraction  in  a  north  and  south  direction,  whose  effects  can  now  be  seen 
along  the  eastern  foot-hills  in  gentle  lateral  folds,  their  axes  approximately 
at  right  angles  to  the  trend  of  the  range,  and  whose  presence  is  indicated 
by  a  sudden  bend  or  curve  in  the  line  of  sedimentary  outcrop,  where  at  one 
point,  owing  to  a  local  synclinal,  the  beds  have  been  more  or  less  preserved 
from  erosion,  and  again  where,  owing  to  the  crossing  or  coincidence  of 
crests  of  the  folds,  like  those  of  waves  crossing  each  other,  is  found  an 
otherwise  unexplainable  steepening  in  the  dip  of  the  strata. 

It  must  be  borne  in  mind  that,  while  this  great  dynamic  movement  is 
denned  as  occupying  a  certain  lapse  of  geological  time  and  its  principal 
effects  were  brought  about  within  that  time,  it  is  not  to  be  regarded  as  a 
sudden  convulsion,  like  that  of  an  earthquake,  though  such  disturbances 
may  have  occasionally  occurred.  On  the  contrary,  it  must  be  conceived 
to  have  been  rather  a  slow  and  gradual  movement,  extending  over  a  period 
of  time  of  which  human  experience  can  form  no  adequate  conception. 
Moreover,  as  will  be  shown  in  the  detailed  study  of  the  region,  it  can  be 
proved  that  in  a  modified  degree  this  movement  has  been  continued  into  so 
recent  a  period  as  that  following  the  Glacial  epoch,  and  may  very  probably 
be  going  on  at  the  present  day,  although,  owing  to  the  great  area  involved, 
it  has  been  impossible  to  obtain  any  demonstrable  proof  of  its  actual  exist- 
ence. 

Mineral  deposition. — It  was  during  the  period  which  intervened  between  the 
intrusion  of  the  eruptive  rocks  and  the  dynamic  movements  which  uplifted 
the  Mosquito  Range  that  the  original  deposition  of  metallic  minerals  in  the 
Leadville  region  took  place.  These  original  deposits  were  probably  in  the 
form  of  metallic  sulphides,  though  as  now  found  they  are  largely  oxidized 
compounds,  and  therefore  the  result  of  a  secondary  chemical  action;  although 
during  this  secondary  action  they  may  have  been  to  a  slight  degree  removed 
from  their  original  position,  their  relation  as  a  whole  to  the  inclosing  rocks 
must  remain  essentially  the  same.  Their  manner  of  occurrence  and  the 
probability  that  they  were  derived,  in  great  part  at  least,  from  the  eruptive 
rocks  themselves  prove  that  they  must  be  of  later  formatioq  than  the  latter, 
while  the  fact  that  they  have  been  folded  and  faulted  together  with  the 
inclosing  rocks,  both  eruptive  and  sedimentary,  shows  that  they  must  have 
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been  formed  prior  to  the  dynamic  movements,  and  that  they  are  therefore 
older  than  the  Mosquito  Range  itself.  These  deposits  were  formed  by  the 
action  of  percolating  waters,  which,  having  taken  up  certain  ore  materials 
in  their  passage  through  neighboring  rocks,  deposited  them  in  a  more  con- 
centrated form  in  their  present  position.  This  process  may  have  taken  place 
while  the  sedimentary  beds  were  still  covered  by  the  waters  of  the  ocean, 
and  the  waters  therefore  have  been  derived  from  it;  whether  this  was  actu- 
ally the  case  or  not  cannot  be  known  until  the  age  of  the  eruptive  rocks  is 
more  exactly  determined.  However,  as  it  is  already  known  by  the  estua- 
rine  character  of  its  fauna  that  the  latest  Cretaceous  formation  must  have 
been  deposited  in  an  already  shallowing  ocean,  it  seems  probable  that  the 
area  occupied  by  the  Mosquito  Range  may  have  already  emerged  from  the 
ocean  at  this  time. 

Structural  results  of  the  dynamic  movements. Before    proceeding  to    a   detailed 

geological  description  of  the  region  included  in  the  Mosquito  map  (Atlas 
Sheets  VI  and  VII),  which  represents  the  results  of  the  dynamic  movements 
and  of  subsequent  erosion,  it  may  be  well  to  give  a  brief  summary  thereof, 
thus  reversing  the  natural  order,  for  the  benefit  of  those  readers  who  may 
not  have  time  or  inclination  to  follow  all  the  details  of  Chapter  IV. 

The  average  or  major  strike  of  the  sedimentary  beds  and  of  the  axes  of 
the  principal  folds  is  northwest  magnetic,  or  N.  30°  W.,  but  in  some  cases  a 
strike  due  north  and  south  is  observed.  In  these  two  directions  are  seen 
the  influence  of  the  shore  lines  of  the  Sawatch  island,  against  which  the 
sedimentary  strata  were  compressed;  for,  while  this  area  lies  mainly  along 
the  eastern  shore  line  which  has  a  north  and  south  direction,  in  the  north- 
ern part  the  beds  had  already  commenced  to  sweep  round  to  the  westward 
along  the  northern  shore  line  of  the  island.  To  the  south  of  this  area  the 
crest  of  the  Mosquito  Range  itself  marks  the  eastern  limit  of  Paleozoic 
beds,  while  from  South  Peak,  near  Weston's  pass,  northward  this  limit  bends 
to  the  northwest  toward  the  mouth  of  the  east  fork  of  the  Arkansas. 
Beyond  this  line  to  the  west  everything  is  Archean;  to  the  east  of  it  Archean 
exposures  are  found  only  where  denudation  has  removed  their  previous  cov- 
ering of  Paleozoic  and  later  beds;  it  may  be  assumed,  therefore,  to  repre- 
sent approximately  the  original  shore  line  of  the  Paleozoic  ocean. 
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The  uplift  of  the  Mosquito  Range  was  not  the  simple  pushing  up  of  the 
beds  into  a  monoclinal  fold,  as  might  appear  at  first  glance  from  the  seem- 
ingly regular  dip  of  the  beds  from  the  crest  down  it"  eastern  slopes,  but  a 
somewhat  irregular  plication  of  them  into  anticlinal  and  synclinal  folds,  and 
their  fracturing  by  faults,  which  have  the  same  general  direction  as  the  axes 
of  the 'folds  without  coinciding  exactly  with  them,  and  which  often  pass 
into  folds  at  their  extremities.  The  anticlinal  folds  have  as  a  rule  a  very 
steep  inclination,  sometimes  nearly  vertical,  on  the  west  side  of  the  axis 
and  a  more  gentle  slope  to  the  east,  thus  approaching  the  form  of  the 
isocline.  It  is  along  this  steeper  slope  that  the  fracturing  has  generally 
taken  place,  and  the  fault  may  thus  follow  the  axis  of  a  syncline  or  of  an 
anticline,  according  as  it  runs  to  the  one  side  or  the  other  of  this  steep  slope. 

The  north  and  south  direction  of  the  main  crest  of  the  range  is  evi- 
dently determined  by  the  great  Mosquito  fault,  which,  starting  at  some  aa 
yet  unknown  distance  beyond  the  northern  boundary  of  the  map,  follows 
the  foot  of  the  steep  slope  west  of  the  crest  to  the  region  of  the  Leadville 
map,  where  for  a  short  distance  it  bends  somewhat  further  to  the  westward 
and  is  thence  continued  southward  in  the  Weston  fault,  which  passes  into  a 
synclinal  fold  south  of  Weston's  pass. 

From  the  Mosquito  fault  just  north  of  Mosquito  Peak  branches  off  the 
next  most  important  fracture  plane,  the  London  fault,  which  runs  in  a  south- 
easterly direction  across  the  eastern  spurs  of  the  range.  The  line  of  this 
fault  passes  just  east  of  the  axis  of  a  most  pronounced  anticlinal  fold  across. 
London  Mountain  and  Pennsylvania  hill  to  Sheep  Mountain,  on  the  side* 
of  which  the  folding  can  be  most  distinctly  traced  along  the  canon  walls. 
To  the  south  of  Sheep  Mountain  it  apparently  coincides  with  the  axis  of 
the  anticlinal  fold  which  forms  Sheep  ridge,  and  with  it  gradually  dies  out 
and  passes  under  the  level  plain  of  the  South  Park. 

The  geological  structure  of  the  Mosquito  Range  is  simplest  toward  the 
south  and  becomes  more  complicated  as  one  goes  north,  reaching  the  ex- 
treme of  complexity  opposite  Leadville.  Near  Buffalo  Peaks,  a  few  miles 
beyond  the  southern  limits  of  the  map,  it  seems  to  be  a  simple  monoclinal 
fold,  the  western  slopes  being  entirely  of  Archean  granite,  and  the  crest 
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formed  by  Cambrian  quartzites  dipping  gently  eastward  and  resting  uncon- 
formably  on  the  Archean. 

At  the  southern  edge  of  the  map  an  anticlinal  and  synclinal  fold  comes 
in  to  the  east  of  the  monocline.  Here  the  range  has  a  double  crest  en  e"che- 
lon,  divided  by  the  longitudinal  valley  of  Weston's  pass,  which  runs  north- 
west magnetic  following  the  direction  of  the  strike.  The  ridge  of  South  Peak 
to  the  west  of  the  pass  is  formed  by  a  monocline  of  easterly-dipping  Cam- 
brian and  Silurian  beds.  The  valley  of  the  pass  itself  is  formed  by  a  com- 
pressed synclinal  fold  in  Carboniferous  strata,  along  the  eastern  side  of 
which  runs  the  Weston  fault,  bringing  up  the  Archean  and  Cambrian  on 
its  east  side.  The  ridge  bounding  the  valley  on  the  east,  which  is  the  south- 
ern end  of  the  main  crest  of  the  Mosquito  Range,  is  an  eroded  anticlinal 
fold,  from  whose  crest  the  overlying  Paleozoic  strata  have  been  almost  en- 
tirely removed,  leaving  the  core  of  Archean  exposed.  On  the  very  sum- 
mit of  Weston's  Peak  a  small  patch  of  Cambrian  quartzites  is  left,  a  remnant 
of  the  crest  of  this  fold,  and  at  its  western  base  the  same  beds  are  found  in 
a  vertical  position  adjoining  the  fault,  while  on  the  more  gentle  slopes  of 
the  eastern  spurs  are  found  the  regular  succession  of  easterly-dipping  Pale- 
ozoic beds  belonging  to  the  eastern  member  of  the  anticline.  The  ridge 
sinks  to  the  southward,  and  over  its  southern  end  the  arch  of  Paleozoic  beds 
is  still  left  entire,  but  the  anticlinal  fold  also  sinks  to  the  southward  and 
entirely  disappears  beyond  the  limits  of  the  map. 

The  same  general  structure  continues  northward  as  far  as  Empire  Hill, 
but  a  short  distance  from  the  southern  edge  of  the  map  a  second  anticlinal 
fold,  that  of  Sheep  Ridge,  comes  in  at  the  extremity  of  the  eastern  slope  of 
the  range,  while  from  its  steep  western  slope  erosion  has  removed  all  trace 
of  the  synclinal  fold  seen  on  Weston's  pass,  leaving  only  the  easterly-dip- 
ping Paleozoic  beds  belonging  to  the  monocline  on  the  west  of  the  fault, 
and  the  Archean  on  its  east  side ;  the  crest  of  the  range  is  formed  of  east- 
erly-dipping Paleozoic  beds,  or,  where  these  have  been  eroded  away,  by 
Archean  schists  and  granite.  This  double  anticlinal  structure  is  best  shown 
in  Section  Gr  (Atlas  Sheet  IX),  which  is  drawn  at  right  angles  to  the  strike, 
and  in  which  the  supposed  form  of  the  eroded  synclinal  is  shown  by  dotted 
lines.  The  line  of  this  section  also  crosses  two  secondary  anticlinals  or 
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minor  waves  in  the  strata,  which  are  the  almost  invariable  accompaniments 
of  the  larger  folds. 

In  this  southern  area  the  older  eruptive  rocks  are  but  little  developed, 
their  only  representative  being  a  thin  but  persistent  sheet  of  White  Por- 
phyry above  the  Blue  limestone.  This  increases  in  thickness  from  about 
fifty  feet  at  Weston's  pass  to  over  a  thousand  feet  at  its  supposed  source  in 
White  Ridge,  on  the  north  side  of  Horseshoe  gulch. 

In  the  middle  region  of  the  area  mapped,  through  an  east  and  west 
zone  which  includes  the  principal  mines  of  Leadville  and  vicinity,  the  de- 
velopment of  bodies  of  earlier  eruptive  rocks  is  so  great  that  the  structure 
of  the  sedimentary  beds  is  obscured  and  not  always  easy  to  trace.  On  the 
eastern  slopes  the  double  anticlinal  structure  continues  as  far  north  as  Mos- 
quito Peak,  at  the  head  of  Mosquito  gulch.  The  great  Sheep  Mountain  fold, 
with  the  London  fault  cutting  through  its  steeper  western  side,  gradually 
converges  toward  the  crest  of  the  range.  Views  of  the  sections  of  this 
fault-fold  afforded  by  the  canons  of  Horseshoe  and  Big  Sacramento  gulches 
are  seen  in  Plates  XV,  XVI,  and  XVIII.  East  of  this  fold  the  strata 
slope  gently  eastward,  with  a  slight  secondary  fold  traceable  along  the 
extreme  foot-hills.  Between  the  Sheep  Mountain  fold  and  the  crest  of  the 
range  the  strata  of  the  gradually  narrowing  syncline  are  cut  across  by 
the  two  great  eruptive  bodies  of  White  Porphyry  and  of  Sacramento  Por- 
phyry, in  White  Ridge  and  Gemini  Peaks,  respectively,  which  are  accom- 
panied by  a  slight  displacement.  The  nearly  horizontal  Paleozoic  beds 
forming  the  crest  and  eastern  member  of  the  main  anticline  extend  some- 
what to  the  west  of  the  topographical  summit  of  the  range,  but  the  western 
member  of  the  anticline  and  the  succeeding  syncline  (if  it  extended  so  far 
north)  are  either  removed  by  erosion  or  buried  beneath  sheets  of  porphyry^ 

On  the  western  slopes  in  this  zone  the  sedimentary  strata,  now  greatly 
augmented  in  thickness  by  interstratified  sheets  of  porphyry  and  extend- 
ing nearly  to  the  valley  of  the  Arkansas,  are  flexed  into  a  number  of  minor 
folds  and  broken  by  many  shorter  faults,  most  of  which  pass  at  either  end 
into  anticlinal  or  synclinal  folds.  This  is  the  area  which  is  included  in  the 
detail  map  of  Leadville  and  vicinity  and  which  is  described  at  length  in 
Chapter  V.  It  is  traversed  by  seventeen  larger  and  smaller  faults  and  has 
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many  anticlinals  and  synclinals,  in  which  the  prevailing  dip  of  the  beds  is 
to  the  eastward  and  the  throw  of  the  faults  is  mainly  an  uplift  to  the  east. 

The  area  west  of  the  Mosquito  fault  and  north  of  the  Leadville  region 
is  mainly  occupied  by  beds  of  the  middle  member  of  the  Carboniferous  and 
by  porphyry  sheets,  flexed  into  gentle  folds  of  varying  directions,  but  appar- 
ently not  broken  by  faults.  This  region  is  already  at  some  distance  from 
the  ancient  shore  line,  which  is  marked  by  the  outcrops  of  Cambrian  and 
Silurian  beds.  These  bend  to  the  westward  around  the  head  of  Tennessee 
Park,  and  reach  well  up  on  the  north  slopes  of  the  Sawatch  in  the  Eagle 
River  region;  but,  while  the  sedimentary  beds  bend  thus  in  general  strike 
to  the  westward,  the  Mosquito  fault  and  the  crest  of  the  range  which  has 
been  uplifted  by  its  movement  continue  on  unchanged  in  their  trend. 

North  of  Mosquito  Peak  is  a  large  area  in  the  higher  part  of  the  range, 
including  the  splendid  amphitheaters  in  which  the  Platte  and  Arkansas 
Rivers  rise,  where  the  overlying  Paleozoic  beds  have  been  entirely  removed 
and  only  Archean  exposures,  traversed  by  dikes  of  earlier  eruptive  rocks, 
now  remain. 

East  of  this  area  the  flanks  of  Loveland  hill  and  the  massive  of  Mounts 
Bross  and  Lincoln  are  occupied  by  easterly  dipping  Paleozoic  beds,  which 
evidently  are  the  eastern  member  of  a  broad  anticlinal  fold ;  but  of  the 
actual  structure  of  the  beds  which  once  arched  over  the  Archean  area 
there  is  nothing  left  to  tell.  It  is  probable  that  there  were  folds  here  simi- 
lar and  more  or  less  parallel  to  the  Sheep  Mountain  fold,  as  has  been  indi- 
cated in  a  general  way  by  the  dotted  lines  in  the  sections  which  cross  this 
region.  A  partial  proof  of  this  is  afforded  by  a  deep  synclinal  adjoining  Mos- 
quito fault  on  the  west,  somewhat  similar  to  that  on  Weston's  pass,  which 
is  found  at  the  base  of  Bartlett  Mountain,  at  the  northern  edge  of  the  map; 
its  axis  has  more  westerly  direction  than  the  plane  of  the  fault.  In  this 
northern  area  there  is  also  a  great  development  of  earlier  eruptive  rocks 
as  contrasted  with  the  southern  half  of  the  region,  though  they  have  less 
relative  importance  than  in  the  middle  zone,  which  includes  the  immediate 
vicinity  of  Leadville.  The  greater  proportion  of  these  bodies  are  in  the 
form  of  intrusive  sheets,  interstratified  with  Paleozoic  beds;  but  the  dike 
form  is  also  found,  more  especially  in  the  Archean  exposures  in  the  ampin- 
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theaters  along  either  side  of  the  crest  of  the  range.  These  dikes  are  some- 
times observed  cutting  up  through  the  Archean  into  the  overlying  sedi- 
mentary beds  and  then  spreading  out  in  sheets  between  the  strata. 

Displacement. — The  movement  of  displacement  of  the  faults  throughout 
this  area  has  been,  with  a  few  unimportant  exceptions,  an  upthrow  to  the 
east.  The  maximum  movement  of  any  one  fault  is  that  of  the  Mosquito 
fault,  at  the  northern  edge  of  the  map,  which  is  about  five  thousand  feet. 
In  general  the  movement  of  the  individual  faults  decreases  to  the  south- 
ward until  they  gradually  pass  into  folds  and  it  becomes  nil.  The  aggre- 
gate amount  of  displacement,  however,  summed  up  along  east  and  west 
sections,  increases  toward  the  middle  of  the  region,  where  the  development 
of  sheets  of  eruptive  rocks  is  greatest,  and  decreases  as  these  become  less 
important;  thus,  as  above  mentioned,  the  displacement  at  the  northern  edge 
of  the  map  is  about  five  thousand  feet.  In  the  middle  region,  where  the 
faults  are  numerous,  the  aggregate  displacement  is  8,000  to  10,000  feet, 
and  across  Sheep  Mountain  and  Weston  Peak  it  has  decreased  to  3,500  feet, 
becoming  nothing  at  all  just  beyond  the  southern  limits  of  the  map. 

volcanic  rocks — Thus  far  only  the  earlier  eruptive  rocks  have  been  men- 
tioned, for  the  reason  that  they  alone  were  involved  in  the  folding  and 
faulting.  Later  eruptions  of  Tertiary  volcanic  rocks  have  taken  place  since 
the  folding,  and  probably  after  erosion  had  done  the  greater  part  of  its  work 
in  the  removal  of  Paleozoic  sediments.  These  eruptions  within  the  area 
of  the  map  consisted  of  rhyolitic  lavas,  of  which  the  two  most  prominent 
outpourings  were  at  the  extremities  of  this  area,  the  one  forming  the  mass 
of  Chalk  Mountain  north  of  the  east  fork  of  the  Arkansas  and  some  smaller 
bodies  to  the  east  of  Fremont's  pass,  the  other  that  of  Black  Hill,  on  the 
extreme  southeastern  edge  of  the  area  in  South  Park.  Besides  these  there 
are  small  bodies  in  the  granite  and  in  the  Cambrian  quartzite  at  the  west  foot 
of  Empire  Hill.  A  few  miles  south  of  the  southern  limit  of  the  map -is  an 
important  volcanic  eruption  of  andesitic  lava,  cutting  across  both  the  Archean 
and  the  Paleozoic  beds,  which  forms  the  high  mass  of  Buffalo  Peaks.  These 
later  eruptions,  however,  so  far  as  can  be  determined,  had  no  influence  upon 
the  ore  deposits  of  the  region. 
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General  erosion. — It  is  now  impossible  to  determine  how  much  of  the  ero- 
sion that  has  removed  the  crests  of  these  folds  and  denuded  such  large 
masses  of  Archean  rocks  was  accomplished  earlier  than  the  Glacial  period, 
but  it  is  evident  that  the  carving  and  shaping  out  of  the  valleys  which  score 
the  flanks  of  the  range  has  been  mainly  accomplished  since  that  time.  It 
is,  moreover,  not  absolutely  certain  that  this  area  was  entirely  covered  by 
later  beds  than  the  Triassic,  since  the  only  proofs  that  Jurassic  and  Cre- 
taceous strata  also  extended  over  it  conformably  are  founded  on  the  fact  that 
no  unconformability  between  Jura  and  Trias  has  yet  been  observed  here. 
On  the  other  hand,  no  opportunity  was  offered  for  a  detailed  study  of  the 
relations  of  these  two  formations.  That  the  beds  of  the  Trias  formed  part 
of  the  conformable  series  and  were  deposited  along  the  shores  of  the  Sa- 
watch  island  is  definitely  proved,  although  they  are  no  longer  found  within 
the  area  of  the  map,  by  the  fact  that  just  beyond  its  limits  to  the  north  and 
east,  in  the  Ten-Mile  and  Mount  Silverheels  districts,  respectively,  they  form 
a  continuous  and  conformable  series  with  the  Carboniferous  beds,  are  folded 
and  faulted  with  them,  and  carry  the  same  intrusive  sheets  of  eruptive  rocks. 

Arkansas  Valley  erosion. — The  manner  and  date  of  formation  of  the  main 
Arkansas  Valley  is  a  matter  of  interesting  speculation.  It  is  evident,  as 
has  already  been  said,  that  it  did  not  exist  before  the  dynamic  movements, 
which  uplifted  the  Mosquito  Range,  and  yet  it  must  have  already  been  a 
deep  valley  at  the  commencement  of  the  Glacial  period,  since  a  large  lake 
was  formed  in  it  during  the  first  melting  of  the  ice  of  that  period,  in  whose 
bottom  at  least  three  hundred  feet  of  sediments  were  deposited.  Although 
no  beds  of  undoubted  Tertiary  age  have  yet  been  recognized  in  it  which 
would  afford  a  definite  date  to  reckon  from,  it  is  probable  from  structural 
evidence  that  a  line  of  depression  was  formed  by  the  elevation  of  the  Mos- 
quito Range  and  the  accompanying  faulting,  which  corresponded  approx- 
imately with  the  present  general  direction  of  the  valley.  A  new  drain- 
age system  having  thus  been  formed,  the  erosive  agencies  which  have 
carried  away  so  many  thousand  feet  of  rocks  from  the  range  itself  gradu- 
ally deepened  and  enlarged  this  new  depression,  until  it  has  now  assumed 
those  majestic  proportions  that  make  it  a  topographical  feature  of  scarcely 
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inferior  importance  to  the  great  parks  themselves,  which  date  back  to  pre- 
Cambrian  time. 

Glacial  erosion. — The  detrital  materials  brought  down  from  the  adjoining 
mountains  and  deposited  along  the  Arkansas  Valley  during  the  Glacial 
period  show  that  the  general  form  of  the  latter  had  already  been  determined 
before  that  time.  These  deposits,  though  of  similar  origin  and  lithologcal 
character,  belong  to  two  distinctly  marked  epochs.  Those  of  the  former 
constitute  the  so-called  Lake  beds,  formed  of  detrital  and  mainly  morainal 
material,  brought  down  from  the  mountains  by  the  freshets  which  occurred 
during  the  melting  of  the  ice  at  the  close  of  the  first  cold  epoch  of  the 
Glacial  period,  and  which  formed  stratified  deposits  at  the  bottom  of  the 
great  lake  at  the  head  of  the  Arkansas  Valley,  which  will  be  called  the 
Arkansas  Lake.  These  beds,  which  reached  a  thickness  of  at  least  three 
hundred  feet,  are  now  found  on  either  side  of  the  alluvial  bottom  of  the 
present  stream,  forming  the  base  of  the  mesa-like  terminations  of  the  mount- 
ain slopes  and  in  some  cases  extending  to  an  elevation  of  1,000  feet  above 
the  present  valley  bottom,  a  height  to  which  the  angle  of  the  deposition  of* 
the  beds  could  hardly  have  carried  them  and  which  gives  evidence  that  the 
elevation  of  the  range  has  continued  in  a  modified  degree  since  Glacial 
times.  After  the  draining  of  this  lake,  in  some  manner  not  now  to  be 
traced,  a  second  epoch  of  glacier  formation  set  in,  during  which  the  new 
glaciers  occupied  the  same  positions  as  the  older  ones  and  continued  the 
work  of  grinding  and  valley  carving.  They  extended  out  over  the  Lake 
beds  deposited  during  the  warmer  period,  as  proved  by  the  present  position 
of  the  lateral  moraines  of  Iowa  and  Evans  gulches.  An  immense  amount 
of  detrital  material  must  have  been  accumulated  on  the  slopes  of  the  range 
by  this  second  system  of  glaciers,  and  during  the  floods  and  freshets  that 
must  have  accompanied  their  melting  and  recession  this  material  was  par- 
tially rearranged  and  spread  out  over  the  lower  part  of  the  Leadville  region, 
both  above  the  already  existing  Lake  beds  and  in  some  cases  over  rock  sur- 
faces not  previously  covered  by  these  deposits.  This  rearranged  moraine 
material  has  received  the  local  name  of  "Wash."  From  the  present  regular 
and  even  surface  of  the  lower  spurs,  where  the  Wash  lies  conformably  over 
the  Lake  beds,  it  is  evident  that  the  former,  like  the  latter,  must  have  been 
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deposited  in  quiet  waters,  like  those  of  a  lake  rather  than  of  a  mountain 
torrent,  for  which  reason  it  seems  probable  that  a  second  Lake  Arkansas  was 
formed  at  the  very  close  of  the  Glacial  period,  perhaps  by  the  damming  up 
of  the  valley  by  a  terminal  moraine,  which  in  its  turn  finally  broke  its  bar- 
riers and  was  drained  of  its  waters,  leaving-  a  basin-shaped  valley  in  whose 
original  bottom,  as  represented  by  the  mesa-like  spurs,  the  lower  part  of 
the  present  stream  beds  have  been  cut  out. 

stream  erosion. — The  valleys  of  the  minor  streams  which  head  in  the 
amphitheaters  at  the  summit  of  the  range  were  shaped  out  and  took  their 
general  direction  during  the  Glacial  period.  It  is  evident  that  their  upper 
portions,  at  the  heads  of  these  amphitheaters,  have  been  but  little  changed 
by  later  erosion,  since  glacial  striae  are  still  found  in  some  cases  on  their 
present  bottoms. 

The  amount  of  erosion  produced  by  rain  and  running  water  increases 
in  direct  ratio  with  the  distance  from  the  crest  of  the  range.  In  the  valleys 
of  some  of  the  larger  streams  running  down  from  its  summit  this  erosion 
*has  cut  to  a  depth  of  500  feet  below  the  valley  bottom  left  when  the  gla- 
ciers receded,  and  many  minor  valleys,  like  California  gulch,  which  do  not 
head  at  the  actual  summit,  have  been  entirely  carved  out  by  these  agencies 
since  the  close  of  the  Glacial  period. 

Valleys. — The  valleys  of  the  minor  streams,  or  gulches  as  they  are  gen- 
erally called,  may  be  divided  in  the  vicinity  of  Leadville  into  three  classes, 
according  to  age  and  manner  of  formation.  They  may  be  distinguished  as 
(1)  glacial  valleys,  (2)  valleys  of  erosion,  and  (3)  surface  valleys. 

The  first  and  oldest,  which  owe  their  main  outline  to  the  carving  of 
glaciers,  have  in  cro?s  section  a  U-shape  and  head  in  glacial  amphitheaters, 
from  which  they  pursue  a  relatively  straight  course  down  the  mountain 
slope.  Their  original  form  is  more  or  less  modified  by  subsequent  erosion. 
To  this  class  belong  the  larger  valleys,  often  forming  canons  on  the  east 
side  of  the  range,  and  the  east  fork  of  the  Arkansas  and  Evans,  Iowa,  and 
Empire  gulches  on  the  west  side. 

The  valleys  of  the  second  class,  which  have  been  cut  out  of  solid  rock 
exclusively  by  the  action  of  running  water,  have  a  V-shaped  outline  in 
cross  section  and  a  winding  course,  their  direction  being  dependent  on  the 
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unequal  resistance  offered  by  the  peculiar  position  or  texture  of  the  rocks  out 
of  which  they  are  carved.  They  also  want  the  amphitheater-shaped  head 
which  characterizes  the  first  class.  They  are  more  recent  than  the  glacial 
valleys  and  have  sometimes  been  cut  out  of  their  bottoms.  The  most 
striking  example  of  this  kind  of  valley  is  California  gulch. 

The  third  class,  which  are  of  the  most  recent  formation,  are  likewise 
valleys  of  erosion ;  but  they  have  been  cut,  not  out  of  solid  rock,  but  out  of 
recent  surface  accumulations  like  the  Lake  beds,  which  have  not  yet  be- 
come solid  rock.  They  are  relatively  broad  and  shallow  and  are  often  dry 
for  a  great  part  of  the  year.  They  are  like  the  shallow  ravines  and  river 
valleys  of  the  Great  Plains  and  of  the  Nevada  valleys,  and  like  them  proba- 
bly mainly  carved  by  sudden  freshets.  Little  Evans,  Georgia,  and  Thomp- 
son's gulches  are  valleys  of  this  class.  On  the  map  of  Leadville  and  vicinity 
it  will  be  seen  that  the  geological  outlines  cross  these  valleys  without  the 
re-entering  angle  which  they  have  on  the  lines  of  the,  other  valleys. 

Little  Evans  Valley  drains  the  amphitheater  on  the  south  face  of  Pros 
pect  Mountain,  being  separated  from  Big  Evans  Valley  only  by  a  moraine 
ridge  formed  by  the  glacier  of  the  second  epoch.  It  is  thus  proved  that  the 
amphitheaters  were  carved  out  by  the  earlier  set  of  glaciers,  since  the  glacier 
from  the  Prospect  Mountain  amphitheater  was  originally  a  branch  of  the  main 
glacier  from  the  Evans  amphitheater,  and  it  was  the  moraine  of  the  second 
Evans  glacier  which,  being  placed  across  the  mouth  of  the  Prospect  Mount- 
ain amphitheater,  necessitated  its  seeking  a  new  outlet  for  its  waters.  That 
at  one  time  ice  must  have  filled  the  amphitheaters  to  their  brim,  and  been 
in  places  over  2,000  feet  thick,  is  proved  by  their  configuration  and  by  the 
position  of  erratic  blocks. 

In  the  region  shown  on  the  accompanying  maps,  the  two  main  glaciers 
of  the  second  epoch  were  the  Evans  and  the  Iowa.  The  latter  had  three 
heads,  but  its  lower  portion,  as  shown  by  the  lateral  moraines  which  remain 
on  the  sides  of  the  present  gulch,  was  straight  and  narrow.  The  later 
Evans  glacier,  however,  spread  out  as  it  descended,  having  left  a  prominent 
moraine  ridge  along  the  north  bank  of  the  present  stream  at  the  foot  of 
Prospect  Mountain,  while  on  the  south  side  a  somewhat  disconnected  moraine 
ridge  follows  approximately  the  course  of  Stray  Horse  gulch,  the  moraine 
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material  remaining  being  250  feet  or  more  thick  in  the  Rothschild  and  Den- 
ver City  shafts.  The  steep  north  face  of  Breece  Hill  below  the  present 
grade  formed  its  southern  wall,  and  below  this  it  probably  covered  more  or 
less  completely  all  the  region  north  of  Stray  Horse  gulch,  so  that  to  its 
action  is  probably  due  the  exposure  of  the  valuable  ore  deposits  of  Fryer 
Hill,  and  also  the  removal  of  a  great  portion  of  them. 


CHAPTEK  III. 

ROCK   FORMATIONS. 

SEDIMENTARY. 

ARCHEAN. 

The  Archean  rocks  as  developed  in  this  district  belong  apparently  to 
the  very  oldest  of  the  crystalline  sedimentary  rocks,  and  on  this  ground  may 
be  considered  as  corresponding  with  the  eastern  Laurentian.  As  yet  no 
systematic  study  of  the  Archean  formations  in  the  Rocky  Mountain  region 
has  been  made  in  accordance  with  which  the  different  developments  of 
Archean  rocks  may  be  classified  as  regards  their  age  and  correspondence 
with  the  different  divisions  made  by  eastern  geologists.  In  the  reports  of 
the  Survey  of  the  Fortieth  Parallel  recognition  was  taken  of  the  fact  that  at 
least  two  distinct  developments  of  crystalline  sedimentary  rocks  are  found 
in  the  Rocky  Mountain  region. 

Of  these,  the  one,  consisting  essentially  of  granites,  mica  and  horn- 
blende gneisses,  and  amphibolites,  being  evidently  the  older,  was  considered 
to  correspond  with  the  Laurentian  series;  certain  accessory  occurrences  of 
norite  and  beds  of  ilmenite  and  magnetic  iron  further  allied  it  to  this  for- 
mation. 

The  second  class,  which  was  supposed  to  correspond  to  the  Huronian, 
was  found  in  rather  limited  development  at  Red  Creek,  near  the  Uinta 
Mountains,  and  along  the  Wasatch  Range,  and  consisted  of  mica  schists  and 
quartzites,  the  former  passing  into  paragonite  schists  similar  to  those  of  the 
St  Gothard,  with  chloride  and  hornblendic  rocks,  in  general  of  a  less 
perfectly  crystalline  structure  than  the  former.  The  Archean  rocks  of  the 
Black  Hills,  which  consist  of  a  great  variety  of  slates,  phyllites,  quartzites, 
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and  amphibolitic  schists  of  singular  composition,  are  also  closely  allied  by 
their  mineralogical  character  to  this  latter  group. 

To  the  former  of  these  classes  belong  the  mass  of  the  Archean  rocks 
so  largely  developed  throughout  the  whole  Colorado  Range  of  the  Rocky 
Mountains,  of  which  excellent  sections  are  afforded  by  all  the  streams  which 
flow  out  upon  the  Great  Plains.  Here  in  a  very  general  way  they  seem  to 
consist  principally  of  gneisses  resting  on  a  central  core  of  red,  friable, 
coarse-grained  granite. 

Although  no  opportunity  has  been  had  of  making  a  study  of  the  other 
Archean  bodies  of  the  Rocky  Mountains,  it  would  seem,  from  what  has 
been  seen  in  traveling  across  them,  that  the  Archean  of  the  Mosquito  Range 
is  distinguished  from  that  of  the  Colorado  Range  by  a  greater  prevalence 
of  granite  over  schists,  and  in  a  very  general  way  that  the  more  schistoid 
rocks  of  the  Mosquito  Range  are  resting  upon  the  almost  entirely  granitic 
mass  of  the  Sawatch,  which  should  therefore  be  considered  the  older. 

As  shown  in  the  section  afforded  by  the  cafions  of  the  Mosquito  Range, 
and  hence  in  comparative  nearness  to  the  overlying  sedimentary  rocks, 
the  Archean  formation  consists  essentially  of  granite,  gneiss,  and  amphib- 
olite.  The  granites  are  in  many  cases  undoubtedly  metamorphic  and  form 
bedded  masses.  In  other  cases  there  seems  little  doubt  that  they  are  erup- 
tive, but  probably  of  Archean  age,  since  they  have  not  been  found  to  intrude, 
into  or  contain  fragments  of  the  Paleozoic  rocks.  In  the  majority  of  cases 
the  structural  evidence  was  not  decisive  either  way,  but  the  texture,  of  the 
granite  was  decidedly  that  which  is  found  characteristic  of  the  metaphor- 
phi  c  types. 

GRANITE. 

The  granites  are  prevailingly  very  coarse-grained,  especially  those  in 
which  evidences  of  bedding  are  found.  If  the  classification  given  by  Rosen- 
busch1  be  here  adopted  the  greater  part  will  belong  to  his  class  of  granite 
in  the  narrower  sense  of  the  word,  or  granite  proper,  consisting,  namely,  of 
quartz,  two  feldspars,  biotite,  and  muscovite.  These  granites  always  con- 
tain muscovite  and  variable  biotite,  but  rarely  if  ever  hornblende;  where 

1  Mik.  Physiog.  tier  mass.  Gesteino.     H.  Rosenbnsch.     Stuttgart,  1877,  p.  18. 
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biotite  is  absent  it  is  due  to  a  later  alteration  of  the  rock.  In  color  they 
are  gray  or  very  frequently  of  a  reddish  tinge.  The  red  color  is  sometimes 
very  marked,  and  certain  varieties  are  fully  as  fine  in  color  as  the  famous 
Aberdeen  granites.  As  an  exceptional  color  is  also  found  a  reddish-yellow, 
due  apparently  to  hydrated  oxides  of  iron. 

Those  which  it  has  been  thought  might  be  of  eruptive  origin  are  gen- 
erally fine-grained,  of  gray  color,  and  contain  an  abundance  of  biotite, 
whereas  those  which  are  distinctly  metamorphic  are  generally  coarse- 
grained, often  red  in  color,  and  have  a  porphyritic  structure  owing  to  the 
prevalence  of  large  twin  crystals  of  orthoclase.  Surfaces  of  the  latter  type 
often  show  such  parallelism  and  rectangularity  in  the  disposition  of  the  long 
narrow  prisms  of  orthoclase  as  to  present  a  superficial  resemblance  to  the 
so-called  graphic  granites.  These  coarse-grained  metamorphic  granites, 
especially  when  found  in  the  immediate  vicinity  of  the  overlying  sediment- 
aries,  have  sometimes  a  foliated  structure  approaching  that  of  gneiss,  but 
the  direct  passage  of  granite  beds  into  gneisses  was  not  observed.  As  typ- 
ical granites  of  the  former  or  eruptive  class,  may  be  mentioned  that  found 
in  the  Platte  Valley,  north  of  Mount  Lincoln;  in  Democrat  Mountain,  at  the 
head  of  Buckskin  gulch;  and  along  the  western  slope  of  the  main  crest, 
opposite  the  head  of  Mosquito  gulch. 

Of  the  second  class  typical  forms  are  found  at  Bartlett  Mountain  and 
along  the  Arkansas  Valley,  which  are  distinguished  from  the  former  by  the 
development  of  orthoclase  in  tabular  twins,  following  the  Carlsbad  law, 
porphyritically  distributed  throughout  the  rock.  That  found  at  Leadville, 
generally  in  large  erratic  bowlders,  and  which  has  been  considerably  used 
as  foundation  stone,  is  a  remarkably  beautiful  rock,  the  orthoclase  having 
a  delicate  flesh-red  tinge,  while  the  groundmass,  if  such  it  may  be  termed, 
is  a  bright,  clear-gray  mass,  rich  in  dark  mica. 

The  finer-grained  granites  of  a  deep  blood-red  color  were  observed  on 
the  ridge  between  Empire  and  Weston  gulches,  and  also  in  the  valley  of 
Eagle  River,  opposite  Tennessee  pass.  Yellow  granite  was  found  also  in 
the  last-mentioned  locality  and  on  the  summit  of  Weston's  pass. 

In  addition  to  the  above  are  masses  of  secondary  origin,  which  occur 
in  the  form  of  huge  white  veins  of  extremely  irregular  outline,  to  which,  in 
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accordance  with  the  custom  now  prevalent  among  German  geologists,  the 
term  pegmatite  has  been  given.  These  pegmatites  consist  of  large  inter- 
grown  crystals  of  white  orthoclase,  microcline,  and  quartz,  with  irregular 
masses  of  muscovite,  and  are  evidently  of  later  formation,  probably  the 
filling  in,  by  secretion  from  the  surrounding  rocks,  of  fissures  and  irregular 
openings  formed  in  the  mass  by  contraction  or  dynamic  movement. 

Microscopic  constitution. — Besides  the  normal  components,  which  are  easily 
detected  macroscopically  —  viz,  quartz,  orthoclase  and  plagioclase  feldspars, 
potash  and  magnesia  micas — the  only  constituent  of  importance  revealed 
by  the  microscope  is  niicrocline,  which  occurs  in  all  rocks  examined  except 
those  of  the  type  from  Democrat  Mountain  This  is  often  quite  abundant, 
and  seems  to  have  been  the  last  feldspar  formed,  which  may  be  the  reason 
for  its  superior  freshness  and  freedom  from  particles  of  limonite  and  hema- 
tite, the  abundance  of  which  in  the  other  feldspars  causes  their  reddish 
color.  The  quartz  grains  are  often  full  of  fluid  inclusions  and  hair-like 
needles.  A  few  of  the  fluid  inclusions  were  observed  to  be  double,  the 
inner  substance  being  probably  carbonic  acid. 

GNEISS. 

The  gneisses,  which  are  next  in  importance  to  the  granites,  are  more 
generally  micaceous  than  those  of  the  Archean  along  the  Fortieth  Parallel, 
among  which  the  distinctly  hornblende  gneisses  were  the  more  prevalent 
They  are  much  contorted  and  seldom  exhibit  very  distinct  bedding  over 
large  areas.  In  structure  they  present  a  great  variety  of  forms,  prevailingly 
the  typical  gneiss  structure  with  fine,  even  grain  and  constant  composition 
in  the  different  layers,  aside  from  the  flat  lenses  of  quartz  or  feldspar  which 
are  inserted  between  them.  At  other  times  a  banded  appearance  is  pro- 
duced by  the  alternation  of  layers  in  which  biotite  or  hornblende  prevail 
over  quartz  and  feldspar.  A  porphyroidal  structure  is  very  marked  in  a 
variety  from  the  South  Platte  amphitheater,  caused  by  the  development  of 
large  white  orthoclase  crystals,  usually  Carlsbad  twins,  reaching  two  to  three 
inches  in  length,  in  a  matrix  of  ordinary  gneiss.  The  tendency  to  a  granitic 
structure  is  locally  noticeable,  especially  in  the  Twelve-Mile  amphitheater. 
In  composition  the  gneisses  are  prevailingly  micaceous,  hornblende  being 
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seldom  present  in  large  quantity,  except  in  those  rocks  which  are  classed 
distinctly  as  amphibolites.  Biotite  is  in  some  cases  the  sole  mica,  but 
frequently  muscovite  is  associated  with  it  in  subordinate  quantity.  A  careful 
search  with  the  lens  is  often  necessary  to  determine  the  presence  of  plagio- 
clase.  The  feldspars  are  generally  white,  but  in  the  Mosquito,  Horseshoe, 
and  Twelve-Mile  amphitheaters  a  pink  or  reddish  color  predominates.  In 
these  cases  the  pegmatite  which  forms  veins  in  the  schists  is  also  pinkish. 

Microscopic  constitution. — A  microscopical  examination  reveals  the  presence 
of  microcline  in  small  quantities,  while  ordinary  plagioclase  is  very  abundant, 
as  is  also  muscovite  frequently  intergrown  with  the  feldspars  Apatite  and 
ilmenite  are  the  most  common  accessory  minerals,  the  latter  giving  rise 
to  titanite  in  the  form  originally  called  titanomorphite  by  von  Lasaulx.1 
Isolated  rounded  grains,  which  are  nearly  or  quite  colorless  and  but  very 
faintly  dichroic,  are  doubtless  referable  in  part  to  titanite  and  in  part  to 
pyroxene  of  a  variety  near  sahlite.  The  dark  portion  of  a  banded  gneiss 
from  the  Arkansas  amphitheater  consists  principally  of  quartz,  three  feld- 
spars, biotite.  and  hornblende.  The  last  two  minerals  are  often  intergrown 
in  a  peculiar  manner,  the  biotite  leaves  being  parallel  to  the  orthopinacoid 
of  the  hornblende.  Ilmenite  is  abundant  and  passes  by  alteration  into 
"  leucoxene,"  which  appears  dull  white  by  reflected  light.  This  again  passes 
into  a  granular  mineral  resembling  titanite,  although  not  very  strongly 
dichroic.  Blood-red  films  of  hematite  are  discovered  in  the  leaves  of  biotite. 

In  the  porphyritic  gneiss  of  the  Platte  amphitheater  microcline  is  an 
important  element.  One  large  grain  of  it  contains  inclusions  of  quartz  and 
mica  in  considerable  quantity.  Muscovite,  which  is  not  prominent  macro- 
scopically,  is  abundant  in  delicate  plates  intergrown  with  the  feldspars, 
either  parallel  to  the  common  crystal  faces  or  without  regularity.  This 
muscovite  seems  to  be  original  and  not  a  decomposition  product.  An 
intergrowth  of  biotite  and  muscovite,  whereby  a  crystal  of  the  former  is 
surrounded  by  a  zone  of  the  latter  having  the  same  orientation,  was  also 
observed.  Quartz  grains  contain  biotite  crystals,  needles  of  riitile  (?),  and 
double  fluid  inclusions  with  carbonic  acid.  The  pink  feldspar  in  gneiss 

'A.  von  Lasaulx,  Nenes  Jahrbnch  fUr  Min.,  etc.,  1879,  p.  568. 
MON  XII 4 
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from  the  Twelve -Mile  amphitheater  presents  a  confused  intergrowth  of 
different  feldspars,  a  part  being  undoubtedly  microcline. 

4 

AMPHIBOLITE. 

The  amphibolites  are  the  next  in  importance  to  the  gneisses  among 
the  crystalline  schists,  and  occur  interstratified  with  them  in  layers  of 
varying  thickness,  and  sometimes  in  large  lenticular  bodies.  Under  the 
name  amphibolite  are  here  understood  rocks  of  comparatively  coarse  grain, 
with  less  marked  schistose  structure  than  is  common  in  hornblende  schists 
proper,  and  also  differing  from  these  in  that  other  minerals,  particularly 
feldspar  and  quartz,  occupy  prominent  positions  beside  the  hornblende. 
They  are  of  frequent  occurrence  throughout  the  Archean  formation  of  this 
district  and  have  a  comparatively  uniform  structure,  although  sometimes 
showing  a  mottled  appearance,  from  the  concentration  of  hornblende  in 
patches.  Biotite  and  magnetite  are  often  quite  prominent  in  them.  Pyrite 
is  frequently  visible  macroscopically. 

Microscopic  constitution. — The  microscope  shows  that  orthoclase  and  pla- 
gioclase  are  present  in  about  equal  quantities,  but  that  microcline,  which 
was  found  in  many  gneisses,  does  not  appear  in  the  associated  amphibolites. 
Hornblende  occurs  in  stout,  irregular  individuals,  and  often  contains  inclu- 
sions of  a  clear,  colorless  mineral  in  minute  rounded  particles,  which  are 
probably  quartz,  although  too  small  for  certain  determination.  Amphibolite 
from  Weston's  pass  contains  hornblende  which  is  so  full  of  black  ore-grains 
as  to  be  opaque  in  certain  cases.  A  fine  striation  parallel  to  the  plane  PW  l 
was  observed  on  the  same  hornblende.  Apatite  in  its  usual  form  is  common 
to  all.  Titanite,  as  formed  through  the  alteration  of  a  titanium  mineral, 
probably  nigrine  or  rutile  containing  titanic  iron,2  is  present  in  two  cases 
in  most  typical  form.  The  rutile  has  a  dull-reddish  hue  by  reflected  light 
and  is  surrounded  by  titanite  in  clear  oval  grains.  Two  occurrences,  viz, 
from  Buckskin  gulch  and  from  Twelve-Mile  amphitheater,  show  the  mode 
of  formation  of  titanite  with  exceptional  clearness. 

'C.  W.  Cross,  Smdieu  uber  bretoniscbe  Gesteiiie;  Min.  uml  petro.  Mitth.  Von  G.  Tscheroiak. 
Nene  Folge,  III.,  p.  386. 

»  Rammelsberg,  Mineralchemie,  Her  Theil,  2te  Aullago,  p.  169. 
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These  two  rocks,  gneiss  and  amphibolite,  constitute  the  main  mass  of 
the  Archean  schists,  mica  schists,  phyllite,  and  other  thinly  bedded  rocks  not 
occurring  in  any  well  defined  bodies.  Peculiar  schistose  forms  do  appear 
in  the  gneissic  series,  but  are  subordinate  in  every  respect,  with  only  local 
extension,  and  of  abnormal  constitution.  In  the  contorted  state  of  the  strata, 
the  tracing  out  of  the  relations  of  these  bodies  to  the  gneiss,  while  extremely 
interesting,  would  have  taken  much  more  time  than  could  have  been  devoted 
to  this  subject.  A  few  examples  will  show  the  interesting  nature  of  these 
masses. 

On  the  north  face  of  Mount  Lincoln  occurs  a  contorted  schist  of  dark 
color,  in  which  the  naked  eye  can  determine  biotite  and  small  flakes  of 
glistening  muscovite.  The  microscope  shows  that  the  two  micas  form 
nearly  the  whole  rock,  the  compact  appearance  being  due  to  extremely 
minute  flakes  of  biotite,  often  so  small  as  to  require  a  power  of  800  diame- 
ters to  distinguish  them  clearly.  Between  these  two  elements,  in  varying 
quantity,  is  a  mass  appearing  between  crossed  nicols  like  the  decomposition 
product  of  orthoclase  in  many  of  the  older  rocks,  where  muscovite  in  tiny 
flakes  has  been  the  chief  mineral  formed ;  this  substance  is  here  very  uni- 
form in  composition,  giving  the  brilliant  polarization  colors  of  such  an 
aggregate,  and,  as  no  feldspathic  substances  can  be  detected,  it  remains 
uncertain  whether  this  muscovite  comes  from  orthoclase  or  is  original,  cor- 
responding to  the  minute  leaflets  of  biotite.  No  hornblende  is  visible. 
Tourmaline  in  bundles  and  brushes  is  the  next  most  abundant  element, 
being  brown  in  ordinary  light,  with  a  tinge  of  red  or  blue;  a  few  small 
grains  of  quartz,  and  specks  of  ilmenite  altering  into  "leucoxene,"  are  the 
only  remaining  minerals. 

RELATIVE    AGE. 

The  Archean  rocks  just  described  are  all  without  question  older  than 
any  of  the  Paleozoic  series,  which  rest  unconformably  upon  them;  but 
of  the  relative  age  of  these  different  components  of  the  ancient  crystal- 
line series  it  is  in  the  nature  of  things  difficult  to  form  any  very  decided 
judgment.  Even  had  time  permitted  a  careful  and  detailed  study  of  any 
of  the  remarkable  exposures  in  the  great  glacial  amphitheaters  which  have 
been  carved  out  of  them,  it  is  doubtful  whether  their  original  relations 
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could  have  been  clearly  made  out,  since  they  have  been  subjected  not  only 
to  the  dynamic  movements  which  brought  about  the  present  elevation  of 
the  range,  but,  no  doubt,  to  many  previous  movements  of  which  no  record 
now  remains.  As  a  consequence  they  are  found  to  be  contorted,  fissured 
and  reconsolidated,  and  fissured  again,  and  this  action  seems  to  have  been 
more  intense  the  further  one  goes  from  the  original  surface,  or  rather  from 
that  which  was  the  surface  at  the  commencement  of  Paleozoic  deposition. 
In  general,  it  may  be  said  that  the  pegmatites  are  the  latest  formations  in 
the  Archean  proper,  leaving  out  of  consideration,  of  course,  the  later  erup- 
tives  (porphyries,  porphyrites,  and  diorites)  and  that  gneiss  must  certainly 
have  formed  part  of  the  original  undisturbed  mass,  while  of  the  granites 
proper  some  were  earlier  and  some  later,  but  all  previous  to  the  pegmatite. 

On  the  accompanying  plate  (Plate  IV)  are  reproduced  a  few  hasty 
field-sketches  of  occurrences  in  which  the  different  varieties  of  rock  are 
found  so  intimately  interlaced  as  to  afford  some  idea  of  their  relations  and 
of  the  difficulty  of  tracing  a  sequence  in  their  formation. 

In  Fig.  1,  it  is  seen  (1)  that  across  the  original  gneiss  a  small  feldspar 
vein  has  been  formed,  probably  the  filling  of  a  small  fissure  or  crack  result- 
ing from  dynamic  movement;  (2)  that  the  fine-grained  and  probably  erup- 
tive granite  has  been  intruded  in  tongue-like  masses  into  the  gneiss  after 
the  formation  of  this  first  vein;  (3)  that  after  consolidation  the  mass  has 
again  been  shattered,  a  great  fissure  formed  and  filled  by  a  coarser-grained 
granite,  which  surrounded  fragments  of  gneiss  a'nd  earlier  granite  alike ;  this 
fissuring  was  accompanied  by  a  certain  amount  of  faulting;  (4)  a  second 
opening  on  the  wall  of  this  fissure  has  been  made  and  filled  with  pegmatite. 

In  Fig.  3,  again,  fragments  of  gneiss  are  found  in  a  mass  of  fine-grained 
granite,  in  such  position  as  to  show  that  the  latter  must  undoubtedly  have 
been  a  more  or  less  fluid  mass,  which  traversed  the  gneiss  and  caught  up 
included  fragments  of  it  in  its  passage. 

In  Fig.  2,  on  the  other  hand,  this  granite  is  seen  to  have  been  sub- 
jected to  at  least  two  movements;  as  a  result  of  the  first,  narrow  feldspar 
veins  have  been  formed  across  its  mass,  and  again,  by  the  second,  these,  to- 
gether with  the  inclosing  granite,  have  been  successively  opened  along  the 
same  fissure  to  admit  the  formation  in  fissures  thus  made  of  pegmatite 
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veins.  The  curving  form  of  the  smaller  feldspar  veins  would  also  suggest 
an  intermediate  compression,  during  which  the  granite  became  sufficiently 
viscous  to  admit  of  some  movement  within  its  mass  without  producing 
fracture,  for  it  is  fair  to  assume  that  these  veins  are  the  filling  of  a  crack 
along  a  fracture  plane,  and  therefore  originally  more  or  less  straight. 

PALEOZOIC. 

The  sedimentary  deposits  later  than  the  Archean  which  are  found  in 
this  region  belong,  with  the  exception  of  certain  very  recent  beds,  to  the 
Paleozoic  system.  In  the  multitudinous  sections  afforded  by  the  expos- 
ures along  the  cliffs  of  amphitheaters  and  the  walls  of  canons  remarkable 
uniformity  in  the  physical  characteristics  of  these  beds  is  observed.  Prac- 
tically the  same  bed,  a  fine-grained  conglomerate,  is,  with  a  single  excep- 
tion, found  in  contact  with  the  underlying  Archean  wherever  the  contact  is 
exposed  and  no  non-conformity  of  stratification  or  other  evidence  of  a  phys- 
ical break  exists. 

In  determining  the  geological  age  of  the  different  strata  included  in 
these  series  two  difficulties  are  met  at  the  outset : v first,  the  rarity  of  fossil 
remains  in  the  beds,  due  probably  to  their  relatively  metamorphosed  and 
altered  condition;  second,  the  absence  of  any  systematic  description  of  the 
Paleozoic  horizons  of  the  Rocky  Mountain  region,  to  be  found  in  the  pub- 
lished works  of  other  geologists.  The  voluminous  reports  of  the  Hayden 
Survey  contain,  it  is  true,  many  local  sections  of  sedimentary  rocks  and 
frequent  surmises  as  to  their  age,  but  as  yet,  unfortunately,  a  systematic 
summary  which  shall  correlate  the  material  thus  gathered  by  many  differ- 
ent individuals  into  a  harmonious  whole,  and  sift  out  that  which  is  to  be 
considered  fact  from  that  which  is  only  surmise,  is  wanting. 

It  has  long  been  the  opinion  of  the  writer,  and  one  which  is  confirmed 
by  later  geological  investigations,  that  it  is  impracticable  to  determine  by 
similarity  of  molluscan  fauna  alone  the  correspondence  of  beds  and  forma- 
tions in  regions  so  widely  separated  as  are  the  Rocky  Mountains,  where  as 
yet  meager  data  have  been  gathered,  and  the  Eastern  States,  where  pale- 
ontological  horizons  are  firmly  established.  In  Paleozoic  times  these  regions 
were  practically  two  distinct  continents,  arid  the  conditions  of  life  must  have 
varied  considerably.  Until,  therefore,  the  sequence  of  development  and  of 
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extinction  of  molluscan  life  in  the  former  region  shall  have  been  thoroughly 
investigated  by  detailed  paleontological  determinations,  founded  upon  accu- 
rate and  systematic  stratigraphical  studies,  the  assignment  of  geological  hori- 
zons must  be  somewhat  provisory  and  considerable  importance  must  be  given 
to  the  conditions  of  deposition  which  prevailed  during  the  Paleozoic  era. 

Geologists  have  observed,  both  in  the  East  and  in  the  Rocky  Mountain 
region,  a  certain  general  sequence  in  the  character  of  the  sediments  deposited 
in  the  oceans  of  former  geological  periods.  This  sequence  has  received 
from  Dr.  J.  S.  Newberry  the  name  of  "circles  of  deposition,"  and  in  a  mem- 
oir on  this  subject  he  has  endeavored  to  prove  that  in  the  Appalachian 
system  each  great  geological  period  consisted  of  two  extremes,  during  which 
the  oceanic  conditions  were  such  that  calcareous  sediments  were  deposited, 
separated  by  an  intermediate  period,  during  which  silicious  sediment  pre- 
vailed. The  former,  in  a  general  way,  are  supposed  to  have  occurred  in  deep 
seas  and  under  conditions  of  comparative  quiet,  while  coarser  silicious  sed- 
iments were  formed  either  in  shallow  waters  or  during  periods  when  this 
coarse  material  would  be  carried  further  out  towards  the  middle  of  the 
ocean. 

As  regards  the  assumption  that  limestone  may  be  considered  an  evidence 
of  deep-sea  deposition,  it  seems  that  this  evidence  can  be  considered  only  as 
relative.  The  limestone  depositions  in  the  region  under  consideration,  for 
instance,  were  formed  in  an  inclosed  arm  of  the  sea,  not  more  than  40  miles 
in  width,  and  which  can  therefore  have  had  no  very  great  depth.  Mr.  John 
Murray,  geologist  of  the  Challenger  expedition,  informed  the  writer  that 
the  result  of  their  investigations  had  been  to  prove  that  no  limestone  could 
be  formed  in  the  greatest  depths  of  the  ocean,  and  that  the  area  of  sedi- 
mentation is  confined  to  a  comparatively  shallow  and  limited  belt  along  the 
shores  of  the  present  continents.  While  it  is  probable,  therefore,  that  none 
-of  the  deposits  of  the  Rocky  Mountain  region  were  formed  in  seas  at  all 
comparable  in  depth  to  what  are  classed  as  deep  seas  by  ocean  explorers, 
the  alternations  of  prevailing  silicious  and  calcareous  material  in  the  sedi- 
ments doubtless  represent  significant  changes  in  the  oceanic  or  climatic  con- 
ditions which  prevailed  to  a  greater  or  less  extent  over  the  whole  region. 
It  is,  therefore,  instructive  to  observe  the  parallelism  of  these  conditions  in 
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the  Paleozoic  section  of  the  Wasatch  Range,  as  determined  by  the  geolo- 
gists of  the  Fortieth  Parallel  and  which  was  considered  by  them  as  the  key- 
section  of  the  Rocky  Mountain  region,  and  that  of  the  Mosquito  Range. 

In  the  former  the  Paleozoic  series  has  a  thickness  of  about  thirty  thou- 
sand feet  and  is  characterized  by  two  great  silicious  series,  the  Cambrian 
at  its  base  and  the  Weber  Quartzites  in  the  middle  of  the  Carboniferous. 
The  former  had  a  thickness  of  about  twelve  thousand  feet  and  was  followed 
by  1,000  feet  of  Silurian  limestone,  which  was  again  succeeded  by  quartz- 
ites  and  sandstones  of  equal  thickness ;  this  was  followed  by  a  great  lime- 
stone formation  of  a  maximum  thickness  of  7,000  feet,  in  the  lower  portion 
of  which  were  found  Devonian  and  Waverly  forms,  the  main  body  of  the 
limestone  being,  however,  characterized  by  fossils  of  Carboniferous  age. 
The  coarse  sandstones  of  the  Weber  series,  which  were  deposited  over  this 
limestone,  had  a  thickness  in  the  Wasatch  of  about  six  thousand  feet,  and 
were  succeeded  at  the  close  of  the  Carboniferous  by  alternating  silicious, 
calcareous,  and  argillaceous  beds.  Followed  eastward  along  the  forty-first 
parallel,  the  whole  Paleozoic  series  thins  out  rapidly,  and  in  the  Laramie 
hills,  on  the  meridian  of  the  Colorado  or  Front  Range,  seems  to  be  rep- 
resented by  a  thickness  of  only  1,500  feet  of  rocks,  though  the  exposures 
are  not  sufficiently  good  to  render  it  certain  that  the  entire  series  is  here 
exposed. 

In  the  Mosquito  Range  the  Paleozoic  series  has  a  maximum  thickness 
of  less  than  five  thousand  feet.  The  Cambrian  is  represented  by  quartzites, 
passing  gradually  upwards  into  calcareous  shales,  with  limestones  of  prob- 
able Silurian  age  above,  the  aggregate  thickness  of  the  two  being  about 
four  hundred  feet.  Above  these  limestones,  and  separated  from  them  by  a 
thin  bed  of  quartzite,  is  the  Blue,  or  ore-bearing,  limestone,  about  two  hun- 
dred feet  in  thickness,  in  which  only  Carboniferous  forms  have  yet  been 
found.  This  is  succeeded  by  a  relatively  large  development  of  silicious 
material,  consisting  mainly  of  coarse  sandstones  and  conglomerates,  corre- 
sponding lithologically  to  the  Weber  series,  which  passes  upward  into  beds 
containing  a  greater  or  less  development  of  limestone,  with  sandstones  and 
shales,  and  which  has  been  provisorily  designated  the  Upper  Coal  Measures. 
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Of  the  existence  of  the  Devonian,  which  is  recognized  in  the  Wasatch 
section,  and  which  was  also  found  by  Mr.  Walcott  in  the  Kanab,  in  the  Colo- 
rado Plateau  country,  no  direct  evidence  was  found  in  the  Mosquito  region. 
On  the  one  hand  there  is  a  gap  of  two  hundred  feet  or  more  of  beds  from 
which  no  fossils  were  obtained,  between  the  horizons  in  which  Carboniferous 
and  Silurian  forms,  respectively,  were  recognized.  On  the  other  hand,  at 
one  point  evidence  of  non- conformity  by  erosion  was  observed  between  the 
Blue  Limestone  or  base  of  the  Carboniferous  and  the  Parting  Quartzite  or 
top  of  the  Silurian.  Had  this  evidence  of  erosion  been  generally  observed 
throughout  the  region,  it  would  have  afforded  sufficiently  conclusive  proof 
that,  owing  to  a  perhaps  local  elevation,  no  sediments  had  been  deposited 
here  during  the  Devonian  period.  As  it  is,  the  question  must  remain  for  the 
present  undecided,  though  the  probabilities  are  in  favor  of  the  latter  so- 
lution. 

As  to  the  existence  or  non-existence  of  the  Devonian  on  the  eastern 
slopes  of  the  Rocky  Mountains  in  general,  the  evidence  is  equally  unsatis- 
factory. Waverly  forms,  which  are  associated  with  it  in  the  Wasatch, 
have  been  found  in  the  limestones  of  Lake  Valley,  in  New  Mexico.  It  is 
indicated  on  the  Hayden  maps  as  occurring  on  the  south  slopes  of  the  San 
Juan  Mountains,  and  Dr.  Endlich's  description  of  the  formations  in  the 
neighborhood  of  the  Anirnas  River  would  seem  to  indicate  the  existence  of 
a  considerable  thickness  of  beds  below  the  Carboniferous  which  are  not 
like  the  Silurian  or  Cambrian  formations  of  Colorado  in  general.  Unfor- 
tunately the  fossil  (Rhynconella  Endlichi  *)  upon  which  he  mainly  founded 
his  determination  of  the  existence  of  Devonian  beds  in  the  region,  has,  upon 
recent,  more  careful  study  by  Prof.  R.  P.  Whitfield,  been  decided  to  be  a 
Carboniferous  and  not  a  Devonian  type. 

1  Geological  and  Geographical  Survey  of  the  Territories,  1874,  p.  213. 
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In  the  following  tables  are  given  the  average  Paleozoic  section  in  the 
Mosquito  Range,  in  the  Kanab  from  Mr.  C.  D.  Walcott,1  and  in  the 
Wasatch  from  the  Fortieth  Parallel  Reports: 

Mosquito  section;  4,600  feet;  possible  unconformity  by  erosion. 


Carboniferous 
3,700  feet 

to 
4,200  feet. 


Upper  Coal  Measures. 


Weber  Grits. 


Weber  Shales 

Bine  Limestone 


f|  Parting  Quartzito 

Silurian  J  !  White  Limestone 

200  feet.           I  j 
Cambrian Lower  Quartzite 

200  feet. 


1,000 

to 
1,500 


2,500 


200 


40 
160 

150 
to 
200 


Blue  and  drab  limestones  and  dolomites,  with 
red  sandstones  and  shales.  Mud  shales  at 
top. 

Coarse  white  sandstones,  passing  into  conglomer- 
ates, and  silicionsaud  highly  micaceous  shales, 
witb  occasional  beds  of  bliicli  argilltto  and  blue 
dolomitic  limestone. 

Calcareous  and  carbonaceous  shales,  with  quartz- 
ite. 

Compact,  heavy-bedded,  dark-blue  dolomitic  lime- 
stone. Silicious  concretions  at  top,  in  form  of 
black  chert. 


White  quartzite. 

Light-gray  silicions  dolomitic  limestone,  with 
white  chert  concretions. 

White  qnaitzite,  passing  into  calcareous  and  ar- 
gillaceous shales  above. 


Kanab  (Colorado  River)  section;  5,000  feet;  unconformities  by  erosion. 


710 

Permian  

with  impure  sluily  limestone  at  base. 

855  feet. 

145 

( 

835 

1  455 

ceous  bed,  passing  down  into  calcif  PIOUS  sand- 
rock. 

Carboniferous  ..- 
3,260  feet. 

Red  Wall  Limestone.. 

970 

more  massive  and  compact  sandstone  below.     A 
few  fillets  of  impure  limestone  Intercalated. 
Arenaceous  and  cherty  limestone  2.15  feet,  with 
massive  limestone  beneath.    Chi-rty  layers  co- 
incident with  bedding  near  base. 

100 

100  feet. 

235 
550+ 

Massive  mottled  limestone,  with  50  feH  sandstone 
at  base. 

785  feet. 

1 

Green  arenaceous  and  micaceous  shales  100  feet 
at  thu  base. 

. — Planes  of  unconformity  by  erosion  denoted  by  double  dividing  lines. 
1  American  Journal  of  Science,  September,  1680,  p.  222. 
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W Match  section ;  30,000  feet;  conformable. 


Permian 

Permian            .      ... 

C50 

Clays,  iiiiifN,  and  limestones,  shallow. 

650  feet. 

Upper  Coal  Measure 

2,350 

Blue   ami    drab    limestones,  passing    into  sand- 

limestone. 

stones. 

Weber  Quartzite  

0,000 

Compact  sandstone  and  quartzite,  often  reddish; 

Carboniferous  .  .  • 

intercalations  of  limestone,  argillites,  nud  con- 

14,350 feet. 

glomerate. 

Wasatch  Limestone 

7,000 

Heavy  -bedded  blue  and  gray  limestone,  with  sili 

emus  .f'ini  \i  n:  r  I-IMTUIU  near  the  top 

"Waverly.  -  - 

Devonian               C 

2,000  feet.       * 

Ogden  Quartzite 

1.0UO 

Puie  Quart  zile,  willi  cMiulumemte. 

Silurian 

Uto  Limestone 

1,000 

Compact  or  slialv  silirinus  limestone. 

1.000  feet. 

Cambrian  

Cambrian  

13,000 

Silicious  Hcbi>t*  ami  quartzite. 

12,000  feet. 

CAMBKIAN. 


Lower  Quartzite. — The  beds  assigned  provisorily  to  this  horizon,  which  are 
indicated  on  the  map  in  a  dark-purple  color  (6),  are  prevailingly  of  quartz- 
ite.  To  them,  therefore,  the  local  name  of  Lower  Quartzite  has  been  given. 
Their  average  thickness  is  about  one  hundred  and  fifty  feet  to  two  hundred 
feet,  of  which  the  lower  one  hundred  feet  are  composed  of  finely  and  rather 
thinly  bedded  white  saccharoidal  quartzites,  while  the  upper  fifty  feet  are 
shaly  in  character  and  more  or  less  argillaceous  and  calcareous,  passing  by 
almost  imperceptible  transition  into  the  silicious  limestone  of  the  Silurian 
formation  above. 

At  the  very  base  of  the  series,  at  the  contact  with  the  underlying  Archean, 
wherever  this  could  be  observed,  is  found  a  persistent  bed  of  fine-grained 
conglomerate,  from  a  few  inches  to  a  foot  in  thickness,  made  up  of  rounded 
and  finely  polished  grains  of  bluish  translucent  quartz,  generally  not  larger 
than  a  pea  in  size.  Above  this  is  a  white  quartzite  of  remarkably  uniform 
and  persistent  character,  always  very  readily  distinguishable  as  a  white 
band  in  the  numerous  sections  offered  by  the  canon  walls  of  the  range.  Its 
thickness,  when  measured  on  the  west  side  of  the  range,  or  near  the  Sawatch 
island,  is,  as  mentioned  above,  100  feet  of  purely  silicious  beds.  On  the 
east  side  of  the  range  the  thickness  seems  somewhat  to  diminish,  and  in 
places  was  found  to  be  only  40  feet. 

In  Buckskin  canon  a  thin  bed  of  silicious  limestone  was  found  included 
in  the  quartzite.  The  rock  of  this  bed  is  remarkable  as  containing  rela- 
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lively  a  smaller  proportion  of  carbonate  of  magnesia  than  any  other  lime- 
stone of  the  range,  the  specimen  analyzed  having — 

Carbonate  of  lime 25.43 

Carbonate  of  magnesia  ....   4.03 

The  whole  series  may  often  be  observed  to  be  divided  into  two  equal 
parts,  the  lower  half  consisting  of  very  pure  white  quartzite,  while  the 
upper  half  weathers  brown  and  is  more  or  less  stained  by  iron  oxide  and 
other  impurities. 

While  the  lower  series  is  very  persistent  in  its  character,  the  upper 
portion  or  transition  series,  which  has  a  maximum  thickness  of  100  feet,  is 
extremely  variable,  and,  though  readily  recognized  in  all  cliff  sections,  often 
seems  to  be  wanting  in  those  afforded  by  the  numerous  drill-holes  in  the 
neighborhood  of  Leadville. 

Owing  to  their  similar  lithological  character  and  to  the  general  absence 
of  fossil  evidence,  it  is  difficult  to  establish  a  hard  and  fast  line  between  this 
and  the  succeeding  formation  above.  In  practice  the  line  has  been  drawn 
at  the  top  of  the  shaly  beds  and  the  commencement  of  the  beds  of  more 
massive  limestone.  The  transition  beds  consist  essentially  of  alternating 
bands  of  calcareous  quartzite  and  shales.  The  name  Sandy  Limestones  is 
often  applied  to  them  for  the  reason  that  on  weathered  surfaces  of  the  cliff 
faces  they  appear  like  sandstones,  the  carbonate  of  lime  having  been  entirely 
washed  out  and  only  the  fine  quartz  grains  left  on  the  thin  surface  crust. 

One  especially  persistent  bed  of  sandy  limestone,  generally  about  a 
foot  in  thickness,  is  often  very  useful  in  determining  the  horizon,  on  account 
of  the  striking  appearance  of  its  weathered  surface.  It  is  a  silicious  dolo- 
mite, generally  of  whitish  color  on  fresh  fracture,  containing  spots  of  dark 
brick-red  resembling  casts  of  fossils;  for  which  reason  the  name  Red-cast 
beds  has  been  given  to  it.  Fig.  1,  Plate  V,  the  reproduction  of  a  photo- 
graph of  a  weathered  specimen,  shows  its  characteristic  appearance. 

Certain  of  the  shaly  beds  are  found  to  contain  a  considerable  develop- 
ment of  pyroxene  and  amphibole,  which  often  give  a  decided  green  color 
to  the  rock.  The  microscope  shows  besides  an  admixture  of  fine  ore  parti- 
cles, and  in  some  cases  there  is  so  large  a  concentration  of  pyrites  as  to 
constitute  veritable  ore  bodies. 
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One  of  the  most  interesting  features  of  this  series  is  the  local  develop- 
ment of  serpentine,  resulting  evidently  from  the  metamorphism  of  pyroxene 
and  amphibole.  It  has  been  found  in  small  quantities  at  various  points,  but 
is  developed  on  a  very  considerable  scale  in  the  Red  Amphitheater  in  Buck- 
skin gulch,  where  it  forms  a  remarkably  beautiful  verd-antique  and  a  pecul- 
iar massive  yellow  rock,  resembling  bees-wax  not  only  in  color  but  also  in 
texture. 

Fossils. — The  only  fossil  remains  found  in  this  series  occur  in  a  bed  of 
greenish  chloride  shales  on  the  east  flank  of  Quandary  Peak,  about  a  mile 
above  the  Monte  Cristo  mine.  They  belong  to  the  genus  Dicellocephalus, 
and  resemble  closely  Dicellocephalus  Minnesotensis  of  the  Potsdam  formation. 

Owing  to  the  thick  covering  of  forest  immediately  east  of  the  point 
where  these  fossils  were  found,  it  was  impossible  to  fix  with  absolute  cer- 
tainty the  exact  horizon  of  the  bed  in  which  they  occur.  They  are  imme- 
diately above  a  heavy  white  quartzite,  and  beneath  a  bed  of  white  marbleized 
limestone,  which  is  in  turn  overlaid  by  the  quartzite  which  carries  the  Monte 
Cristo  ore  deposit.  From  analogy  with  other  sections,  however,  it  seems 
safe  to  assume  that  it  occurs  above  the  main  body  of  quartzite  and  near  the 
base  of  the  transition  series. 

SILURIAN. 

The  beds  assigned  to  this  horizon  consist  of  light-colored,  more  or  less 
silicious,  dolomitic  limestone,  capped  by  beds  of  quartzite  of  varying  thick- 
ness which  mark  the  dividing  line  between  it  and  the  overlying  formation. 
On  the  general  map  of  the  Mosquito  Range  the  entire  series  is  included  in 
one  color-block  (c).  On  the  more  detailed  maps  two  divisions  are  made, 
to  which  the  local  terms  White  Limestone  (c)  and  Parting  Quartzite  (d) 
have  been  given. 

white  Limestone. — The  beds  to  which  this  local  name  has  been  given, 
from  their  prevailing  light  color  as  distinguished  from  the  dark  blue-gray 
or  even  black  limestone  above,  consist  in  the  main  of  light  drab  dolomites, 
and  contain,  besides  the  normal  proportions  of  carbonates  of  lime  and 
magnesia,  from  10  per  cent,  upwards  of  silica.  They  are  generally  rather 
thinly  bedded,  of  compact  rather  than  crystalline  structure,  and  frequently 
have  a  conchoidal  fracture,  approaching  a  lithographic  stone  in  texture. 
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Red  Cast  Beds  .(Cambrian) 


Contorted  Lime  stone,  (Upper  Coal  Measure.) 
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But  rarely  do  the  beds  have  the  whiteness  of  marble,  and  in  such  cases  it 
is  evidently  due  to  local  inetamorpliism. 

The  characteristic  feature  of  this  limestone  is  the  occurrence  at  certain 
horizons  of  concretions  of  white,  semi-transparent  chalcedony  or  chert.  This 
occurrence  is  often  useful  in  the  mines  of  Leadville  for  distinguishing  beds 
of  this  horizon  from  locally  bleached  limestones  of  the  Carboniferous.  Chert 
also  occurs  in  the  latter  beds,  but  is  always  of  dark,  nearly  black  color,  and 
the  microscope  shows  in  them  a  very  finely  granular  structure,  while  those 
of  the  Silurian  have  frequently  a  radiate  structure  in  the  nature  of  spheru- 
lites.  In  neither  was  it  possible  to  detect  any  trace  of  the  minute  organisms 
found  in  similar  concretions  in  many  other  limestones. 

The  average  thickness  of  the  White  Limestone  is  from  120  to  160  feet. 
A  small  percentage  of  chlorine  can  be  detected  in  these,  as  in  all  the  other 
limestones  from  this  region  which  were  chemically  examined. 

Parting  Quartzite. — Above  the  White  Limestone  occurs  a  bed  of  remark- 
able persistence,  but  of  rather  variable  thickness,  to  which  the  above  local 
name  has  been  given,  and  which,  on  somewhat  negative  evidence,  is  regarded 
as  constituting  the  upper  limit  of  the  Silurian  formation  in  this  region.  In 
the  cliff  sections  it  has  an  average  thickness  of  40  feet,  in  one  case  attaining 
a  maximum  of  70  feet.  It  does  not  differ  lithologically  from  the  numerous 
white  quartzites  found  at  other  horizons,  but  it  is  of  geological  importance 
as  determining  the  dividing  line  between  the  Silurian  and  Carboniferous 
groups.  In  the  cliff  sections  a  brecciated  structure  is  often  observed  in  the 
limestone  immediately  overlying  it,  and  in  one  case,  on  the  east  fork  of  the 
Arkansas,  evidence  of  non-conformity  by  erosion  was  observed,  which  ren- 
ders it  possible  that  the  Upper  Silurian  and  Devonian  formations  may  be 
entirely  wanting  in  this  region. 

Fossils. — Paleontological  evidence  as  to  the  age  of  the  above  formation 
is  extremely  meager.  No  form  was  actually  found  in  place.  Casts  of  a 
Rhynconella,  between  R.  neglecta  and  R.  Indianensis  of  the  Niagara  epoch, 
were  found  in  a  prospect  shaft  in  California  gulch,  not  far  from  the  White 
Limestone  quarry,  in  such  a  position  that  they  must  have  been  derived  from 
the  beds  of  this  horizon  at  least  fifty  feet  above  the  base  of  the  formation. 
Besides  this,  other  specimens  were  brought  in,  obtained  from  talus  slopes  at 
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the  foot  of  the  cliffs  in  Dyer  Amphitheater  and  on  West  Sheridan,  whose 
matrix  of  light  drab-colored  limestone  renders  it  reasonably  certain  that 
they  were  derived  from  some  of  the  beds  of  this  horizon.  The  following 
forms  are  recognized :  Leptena  melita  and  an  Orthisina  like  0.  Pepinensis, 
which  correspond  to  forms  found  in  the  Calciferous ;  and  the  syphon  of  an 
Endoceras,  which  belongs  to  the  Trenton  epoch. 

Corresponding  beds  in  Colorado  Range. In    Order   to    obtain,    for    purposes    of 

comparison,  a  section  of  the  Paleozoic  beds  lying  directly  on  the  Archean 
along  the  Colorado  Range  uplift,  a  visit  was  made  by  Mr.  Whitman  Cross 
to  the  exposures  in  Williams  cafion,  near  Manitou,  and  in  Manitou  Park. 
Although  only  fifty  to  seventy-five  miles  distant  from  the  Mosquito  Range 
exposures,  the  beds  were  found  to  vary  so  much  in  lithological  composition 
that  it  was  impossible  to  obtain  an  exact  correspondence  of  horizons.  The 
purely  silicious  beds  at  the  base'  are  much  thinner  than  in  the  Mosquito 
Range,  the  greatest  thickness  found  being  50  feet.  They  are  succeeded  by 
calcareous  sandstones  and  shales  of  variegated  colors,  red  prevailing,  which 
pass  up  into  white  or  drab  limestones,  sometimes  containing  chert  secretions 
and  alternating  with  shaly  beds,  with  an  aggregate  thickness  of  about  two 
hundred  feet.  These  beds  may  be  considered  as  the  equivalents  of  the 
Lower  Quartzite  and  White  Limestone  of  the  Mosquito  Range.  Owing  to 
extensive  denudation  it  was  impossible  in  the  time  allotted  to  trace  a  con- 
tinuous series  into  well-defined  Carboniferous  horizons. 

From  the  east  bank  of  Trout  Creek  (Bergens  Creek  on  the  Hay  den 
map),  in  Manitou  Park,  two  miles  below  the  hotel,  Mr.  Cross  obtained  fossils 
which  have  been  identified  by  Mr.  C.  D.  Walcott  as  follows : 

From  reddish-brown  sandstone  45  feet  above  tbe  Arcbean. 

Lingulepix,  sp.  ?  Au  elongate  form  allied  to  L.  pinnmformis  of  tbe  Potsdam  sand- 
stone of  Wisconsin. 

From  red  calcareous  sandstones,  alternating  with  white  limestone,  one  hundred 
and  five  to  one  hundred  and  twenty-two  feet  above  the  Archeau. 
Glytocistites  (?).     Single  plates.  |  CyrtolHes. 


Lingula,  sp.  undet. ;  probably  new. 
Orthis  desmopleura,  Meek. 


Ortlwceras,  sp.  undet.;  probably  new. 
Bathyurus  simillimus,  Walcott  (f ). 


Metoptoma,  new  sp. 

This  fauna  is  essentially  the  same  as  that  of  the  upper  third  of  the  Pogonip  Lime 
stone  of  Nevada. 
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The  paleontological  information,  therefore,  is  so  far  a  confirmation  of 
the  suggestion  offered  above  from  lithological  composition,  viz,  that  the 
Cambrian  beds  are  here  not  more  than  fifty  to  a  hundred  feet  thick  (a 
notable  decrease  from  the  estimated  12,000  feet  in  the  Wasatch,  or  from  the 
more  definitely-determined  thickness  given  by  Mr.  A.  Hague  for  Eureka, 
Nevada,  of  7,700  feet),  and  that  the  limestone  beds  above  are  Silurian. 

CARBONIFEROUS. 

The  beds  of  this  period  are,  as  in  other  parts  of  the  Rocky  Mountain 
region,  more  fully  developed  and  more  abundant  in  fossil  remains  than 
those  of  the  other  Paleozoic  horizons.  The  Carboniferous  period  here,  as 
in  the  Wasatch,  consisted  of  two  limestone-making  epochs,  separated  by  a 
long  period  of  silicious  deposits,  with  the  difference  that  in  the  shallow  seas, 
in  which  the  Carboniferous  of  the  Mosquito  Range  was  formed,  detrital  and 
silicious  deposits  predominated  over  calcareous  deposits.  The  series,  there- 
fore, lends  itself  to  a  triple  subdivision  into  lower,  middle,  and  upper  Car- 
boniferous, which  are  here  assigned  to  it  mainly  on  lithological  grounds,  since 
our  knowledge  of  the  Carboniferous  fauna  of  the  Rocky  Mountain  region 
is  not  yet  sufficiently  complete  to  enable  us  to  establish  satisfactory  paleon- 
tological subdivisions,  and  many  forms  considered  characteristic  of  the  Coal 
Measures  of  the  East  range  from  the  bottom  to  the  very  top  of  the  series. 

Blue  or  ore-bearing  Limestone. — The  beds  included  under  this  local  name, 
which  are  designated  on  the  map  by  a  deep-blue  color  (e),  and  which,  from 
the  fact  that  they  form  the  ore  bearing  rocks  par  excellence  of  the  region,  it 
is  most  important  to  be  able  to  trace  accurately,  are  fortunately  marked  by 
persistent  and  characteristic  features.  They  have  an  average  thickness  of 
about  200  feet,  In  color  they  are  of  a  deep  grayish-blue,  often  nearly 
black  in  the  upper  portion  of  the  series,  while  some  of  the  lower  beds  are 
lighter  in  color,  approaching  a  drab,  and,  where  locally  bleached,  difficult 
to  distinguish  lithologically  from  the  underlying  White  Limestone.  The 
upper  bed  is  well  marked  by  characteristic  concretions  of  black  chert,  fre- 
quently hollow  in  the  center  and  often  containing  within  their  mass  dis- 
tinct casts  of  fossils.  Owing  to  their  superior  resistance  to  atmospheric 
agencies,  they  are  often  weathered  out  and  left  in  nodular  masses  of  irreg- 
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ular  shape  upon  the  surface.  The  forms  which  they  assume  are  sometimes 
so  fantastic  as  to  suggest  to  the  untechnical  that  they  are  the  fossil  remains 
of  some  gigantic  animal.  Their  forms,  however,  are  always  rounded,  and 
are  more  commonly  that  of  a  sphere  or  some  solid  of  revolution.  In  many 
cases,  that  they  are  the  filling  in  of  a  pre-existing  cavity  in  the  limestone 
is  evident  from  the  fact  that  they  are  hollow  in  the  center  and  contain 
crystals  of  pyrite  or  other  minerals  lining  the  cavity. 

The  series  is  generally  heavily  bedded,  and  the  rock  is  almost  always 
granular,  and  in  the  upper  part  often  coarsely  crystalline.  A  character- 
istic feature,  especially  of  the  upper  portion  of  the  formation,  is  a  ribbed 
structure  produced  by  irregular  lines  and  spots  of  white  crystalline  mate- 
rial. In  some  cases  the  ribbing  is  so  fine  and  regular  as  to  produce  an  ap- 
pearance resembling  that  of  the  Eozoon. 

This  typical  appearance  of  the  rock  is  shown  in  Plate  VI,  on  which 
are  represented  two  specimens  from  the  Blue  Limestone  of  Iron  hill,  taken 
a  short  distance  below  the  ore  body  on  the  Silver  Wave  claim,  which  were 
also  subjected  to  microscopical  examination.  The  upper  figure  in  the  plate 
is  a  photograph  of  a  specimen  polished  on  one  side  to  show  the  fine  ribbing 
which  is  peculiar  to  this  limestone.  The  lower  figure  shows  a  specimen 
roughly  shaped  by  the  hammer,  in  which  tire  ribbings  or  veins  of  white 
crystalline  spar  are  coarser  and  more  irregular.  These  white  crystalline 
veins  may  be  supposed  to  be  produced  by  the  dissolving  out  of  a  portion  of 
the  limestone  and  its  redeposition  in  a  crystallized  form.  As  bearing  on 
the  question  of  the  relative  solubility  in  natural  waters  of  carbonates  of 
lime  and  magnesia,  a  partial  analysis  of  the  white  spar  was  made,  and  it 
was  found  to  have  the  same  proportions  of  the  two  salts  as  the  dark  granular 
rock. 

Composition. — The  composition  of  the  rock,  which  is  remarkably  uniform, 
is  that  of  a  normal  dolomite,  the  average  of  six  lime  and  magnesia  deter- 
minations from  different  localities  giving — 

Carbonate  of  lime 54.695 

Carbonate  of  magnesia    43.197 

the  proportion  in  normal  dolomite  being  — 

Carbonate  of  lime  54.30 

Carbonate  of  magnesia 45.70 
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The  following  complete  analyses  of  typical  specimens,  taken  from  local- 
ities at  considerable  distances  from  each  other  in  the  vicinity  of  Leadville, 
are  further  proofs  of  the  uniformity  of  composition.  I,  II,  and  III  are 
from  the  upper  of  the  Blue  Limestone,  IV  from  near  its  base,  and  V  from 
the  upper  part  of  the  White  Limestone. 


I. 

n. 

in. 

IV. 

V. 

Silver  Wave 

Glass-Pendery 

Montgomery 

Carbonate  hill 

mine. 

mine. 

quarry. 

quarry. 

Chemist    

(Hillebrand.) 

(Guyard.) 

(Guyard  ) 

(Guyard  ) 

(Hillebrand  ) 

30  79 

30  43 

29  97 

27  26 

26  60 

21  14 

20  78 

21  52 

20  05 

17  41 

46  84 

46  93 

47  39 

43  79 

40  01 

0.24 

0  38 

0  13 

0  57 

0  83 

0.21 

0  11 

0  22 

0  10 

1  51 

Trace 

0  05 

0  20 

0  06 

0.27 

0.17 

0.04 

0  11 
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Silica  

0.21 

0.70 

0.27 

7.76 

11  84 

0.10 

0  143 

0  041 

0  062 

0  05 

I'ntitsli               ,                   ....     ,.. 

0.03 

0.046 

0.013 

0.017 

0.017 

Soda        

0.  062 

0  094 

0  016 

0  037 

0  029 

Trace 

Trace 

Trace 

0.12 

0.03 

0  07 

Trace 

Trace 

Trace 

Trace 

0.03 

0  025 

0  015 

0  07 

Water 

0.22 

0  04 

0  07 

0  05 

0  48 

Total 

100.142 

100  018 

99  925 

100  006 

100  436 

The  coloring  matter  is  in  part  evidently  organic,  but  iu  part,  as  sug- 
gested by  Mr.  Guyard,  may  be  due  to  the  presence  of  salts  of  iron.  He 
says  that  he  finds  an  appreciable  amount  of  sulphide  of  this  metal  which  will 
produce  a  black  color.  A  remarkable  feature  in  this  analysis,  as  well  as 
in  that  of  the  White  Limestone,  is  the  presence  of  appreciable  quantities 
of  alkaline  chlorides.  Microscopical  examination  under  very  high  power 
(1,136  diameters)  shows  that  the  dusty  appearance  is  due  to  minute  specks 
in  the  grains  composing  the  rock,  which  are  fluid  inclusions,  in  some  of  which 
the  rapid  movement  of  a  bubble  is  visible.  As  will  be  shown  later,  it  seems 
fair  to  assume  that  the  included  liquid  consists  of  alkaline  chloride.  The 
microscope  also  shows  that  the  rock  is  very  finely  granular,  the  size  of 
the  grains  varying  from  .05  to  .10  of  a  millimeter  in  diameter.  No  twin 
crystals  of  calcite  are  observed,  and  very  little  quartz  or  ore  particles  could 
be  detected. 
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The  characteristics  which  may  serve  in  the  field  to  distinguish  the  rock 
of  the  Blue  from  that  of  the  White  Limestone  are  as  follows : 

1 .  Color,  which  is  darker. 

2.  Composition,  the  former  being  almost  free  from  silica,  the  latter  con- 
taining 10  per  cent,  and  upwards. 

3.  Texture,  the  former  being  generally  crystalline,  while  the  latter  is 
more  compact. 

4.  Chert  secretions,  which  in  the  former  are  always  black  and  in  the 
latter  nearly  white. 

5.  Structure,  the  Blue  Limestone  being  generally  more  heavily  bedded 
than  the  White. 

Fossils. — The  only  fossils  obtained  from  this  horizon  were  found  in  the 
extreme  upper  part  of  the  formation,  either  in  the  limestone  itself  or  in 
chert  nodules,  which  are  found  scattered  over  its  weathered  surface.  The 
following'  forms  were  obtained  from  five  different  localities : 

Euomphaliis,  closely  resembling  E.  Spergenensis,  Hall,  from  Warsaw  limestones 
of  Spergcii  hill. 

Spiriferina,  which  is  probably  new,  though  somewhat  resembling  8.  Kentuckensis. 

Athyris  siibtilita. 

Pleurophorux  oblongus. 

Products  coztatiis. 

Spirifera  (Martinia)  lincata. 

Spirifera  Rockymontana. 

Streptorhynchm  crassus  (crenistria). 

Cyathopltylloid  corals,  resembling  Zaphrentis.  or  Cyathaxonia  cynodon. 

While  most  of  these  forms  are  common  to  the  Coal  Measures  of  the 
East,  the  first-mentioned  is  there  found  in  the  Lower  Carboniferous.  For 
this  reason  and  because  this  form  and  the  Spiriferina  do  not  occur  in  any 
of  the  higher  beds,  it  seems  justifiable  to  assume  that  this  horizon  represents 
the  Lower  Carboniferous  of  this  district. 

The  upper  limit  of  this  formation  has  been  fixed  at  the  top  of  the 
massive  Blue  Limestone,  which  is  generally  marked  by  the  frequency  of 
chert  concretions,  and  in  the  mining  districts  has  been  followed  by  prefer- 
ence by  the  ore-bearing  solutions.  Locally,  however,  limestone  formation 
seems  to  have  continued  somewhat  intermittingly  for  some  distance  above 
this  horizon. 
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Weber  shales.  —  On  the  general  map  of  the  Mosquito  Range,  owing  to  its 
small  scale,  it  was  considered  advisable  to  make  no  subdivisions  of  the 
Weber  Grits  formation,  and  the  whole  is  therefore  included  under  one  color 
(ff).  On  the  more  detailed  maps,  however,  a  subdivision  of  the  Weber  Grits, 
designated  the  Weber  Shales,  has  been  distinguished  by  a  distinct  color  (/). 
The  beds  included  under  this  name  are  extremely  variable  in  lithological 
character  and  in  thickness.  They  constitute  a  transition  series  between  the 
massive  limestones  below  and  the  characteristic  coarse  sandstones  of  the 
Weber  Grits  above.  They  consist  of  argillaceous  and  calcareous  shales 
alternating  with  qnartzitic  sandstones.  The  former  are  generally  carbona- 
ceous, and  in  their  extreme  type  pass  into  an  impure  anthracite.  The  cal- 
careous shales,  on  the  other  hand,  are  locally  developed  into  a  considerable 
thickness  of  impure  limestone,  which  is  very  rich  in  fossil  remains.  Owing 
to  its  variable  character  and  to  the  fact  that  the  dividing  plane  between 
this  and  the  preceding  is  frequently  occupied  by  beds  of  porphyry,  it  is 
difficult  to  assign  a  definite  thickness  to  the  formation.  It  may,  however, 
be  assumed  as  varying  from  150  to  300  feet. 

In  Leadville  itself  a  thin  bed  of  quartzite  is  often  found  immediately 
above  the  Blue  Limestone,  and  on  Iron  hill  is  a  greenish  argillaceous  shale, 
called  the  Lingula  shale,  from  the  abundant  casts  of  this  fossil  which  it 
contains.  The  coal  development  attains  a  thickness  in  one  case  of  seven 
feet,  but  is  extremely  impure  and  gives  little  promise  of  any  economical 
value. 

Fossils. — The  most  common  form  is  Lingula  mytiloides,  Meek,  which  is 
supposed  to  correspond  to  L.  ovalis,  Sowerby.     Besides  these  were  obtained 
from  several  different  localities  the  following : 
PMllipsia,  sp. ?  (P.  major?) 


Productus  cora. 
Productus  semireticu latus. 
Productus  pertenuis. 
Productus  muricatus. 
Productus  Nebrascensis. 
Spirifera  cameratus. 
Aviculopecten  rectilaterarius. 
Orthis  carbonarius. 
Ktreptorhynchus  crassus  (crenistria). 
Chonetes  granulifera. 


Discina  nitida. 
Macrocheilus  ventricosHS. 
ArchcKoccidaris. 
Eoccldaris  Halliana. 
Fenestella  perelegans. 
Rhombopora  lepidodendroides. 
Myallna  pcrattenuata. 
Polyphemopsia,  (like  P.  chrysalis). 
Pinna ,  sp. .' 
Polypora,  sp.  mulct. 
Palceschara,  sp.  uudet. 
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Weber  Grits. — This  formation,  which,  as  its  name  implies,  consists  mainly 
of  coarse  sandstones  passing  into  conglomerates,  has  an  estimated  aggregate 
thickness  of  2,500  feet,  although  neither  its  upper  nor  its  lower  limits  can 
in  the  nature  of  things  be  very  sharply  defined. 

The  typical  rock,  which  often  forms  massive  beds  of  considerable  thick- 
ness and  constitutes  a  prominent  feature  in  the  sections  afforded  by  canons, 
is  a  coarse  white  sandstone  passing  into  a  conglomerate,  made  up  of  well- 
rounded  grains  and  pebbles,  mainly  of  white  and  sometimes  of  pinkish 
quartz.  In  the  coarser  conglomerates  feldspar  can  often  be  distinguished  in 
fragments,  and  this  mineral  is  often  disseminated  in  fine  grains  throughout 
the  sandstone,  but  fragments  of  recognizable  Archean  schists  are  not  often 
seen.  It  would  seem,  therefore,  that  these  beds  are  mainly  formed  by  the 
abrasion  of  the  coarser  granites  of  the  Archean.  The  sandstones  often  contain 
a  considerable  admixture  of  brilliant  white  mica,  and  in  some  cases,  besides 
the  mica,  so  large  a  quantity  of  carbonaceous  material  as  to  become  quite 
black.  This  carbonaceous  material,  which  is  insoluble  in  ether,  alcohol,  or 
sulphide  of  carbon,  is  probably  either  graphite  or  anthracite. 

Next  to  the  sandstones  and  conglomerates,  the  most  important  constitu- 
ents of  the  formation  are  quartzose  shales  and  mica  schists,  generally  coarse- 
grained and  of  a  greenish  hue.  Their  lamination  is  very  regular  and  often 
parallel  to  the  bedding-planes,  so  that  they  often  weather  out  in  slabs  or 
flags  of  considerable  size.  The  mica,  which,  as  in  the  sandstones,  is  mostly 
potash  mica  or  muscovite,  seems  to  form  but  a  subordinate  part  of  the  rock 
mass,  but  is  generally  very  prominent  in  large  brilliant  flakes  on  the  surfaces 
of  the  laminae.  Microscopical  examination  shows  that  in  the  sandstones 
and  schists  feldspar  is  always  present  with  the  quartz,  and  in  some  cases  the 
three  varieties,  orthoclase,  plagioclase,  and  microcline,  can  be  distinguished. 
It  also  shows  that  the  muscovite  is,  in  part  at  least,  derived  from  the  decom- 
position of  the  feldspars;  at  the  same  time  the  uniform  occurrence  of  large 
brilliant  flakes  along  the  bedding-planes  of  the  shaly  material  suggests  the 
possibility  that  these  may  have  been  directly  derived  from  debris  of  the 
Archean  and  have  been  deposited  in  this  position  by  the  action  of  water. 

At  irregular  intervals  throughout  the  formation  are  found  beds  of  fine 
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black  mud-shales  or  carbonaceous  argillites,  generally  very  thin  and  some- 
times calcareous,  passing  into  impure  limestones. 

About  the  middle  of  the  formation  is  a  tolerably  persistent  develop- 
ment of  limestone  of  the  usual  blue-gray  color  and  dolomitic  in  composi- 
tion. Its  thickness,  however,  varies  very  much  according  to  locality.  It 
was  best  observed  in  Big  Sacramento  gulch,  a  short  distance  above  the  Lon- 
don fault,  where  are  two  beds  of  limestone  with  associated  shales,  about 
fifty  feet  apart  and  each  about  ten  feet  in  thickness. 

Fossils. — From  the  limestones  in  Big  Sacramento  gulch  were  obtained 
the  following  forms: 

* 

Spiriferina  Eentuckensis. 
Athyris  subtilita. 


Productus  costatus. 


Productus  muricatus. 
Aviculopecten  interlineatus. 
MeeJcella  stricecostata. 


From  micaceous  schists  in  the  upper  part  of  the  formation  between 
Lamb  and  Sheep  Mountains  were  obtained  abundant  casts  of  Equisetacece. 

upper  coal  Measures  (h). — Less  favorable  opportunities  were  offered  for 
studying  this  group  than  for  either  of  the  preceding,  since  its  beds  were 
found  only  at  the  extreme  limits  of  the  map  and  in  regions  where  continu- 
ous outcrops  are  rare.  It  consists  of  alternating  calcareous  and  silicious 
beds,  the  latter  not  being  distinguishable  from  those  of  the  Weber  Grits 
at  the  base,  but  passing  upward  into  reddish  sandstones,  which  in  their  turn 
are  sometimes  difficult  to  distinguish  from  the  overlying  red  sandstones  of 
the  Trias.  Its  lower  limit  is  drawn  at  the  base  of  the  first  important  lime- 
stone bed  above  the  Weber  Grits.  This  limestone,  locally  called  the  Robin- 
son Limestone  from  the  fact  that  it  forms  the  ore-bearing  horizon  of  an  im- 
portant mine  of  that  name  in  the  Ten-Mile  district,  is  remarkable  for  being 
the  first  true  limestone  observed  among  the  calcareous  beds  of  the  region. 
All  below  this  horizon  are  practically  dolomites  of  varying  purity.  As 
developed  in  this  mine,  it  is  of  drab  color,  conchoidal  fracture,  and  of  pecul- 
iarly compact  texture,  resembling  a  lithographic  stone.  Its  purity  and 
textural  characteristics  are  apparently  not  persistent  outside  of  the  Ten-Mile 
district.  In  the  upper  horizons  of  this  district  are  found  mud-shales,  resem- 
bling in  lithological  character  the  Permo-Carboniferous  of  the  Wasatch. 
Their  fossil  remains  are  found,  however,  to  be  distinctly  Coal  Measure  forms. 
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The  upper  sandstones  of  this  group  are  distinguished  from  the  overlying 
Triassic  rocks  by  a  deeper  color,  approaching  a  Venetian  red,  whereas  in 
the  latter  the  color  is  rather  of  a  light  brick  red. 

Plate  V  (p.  60)  shows  a  remarkably  contorted  specimen  of  impure 
limestone  of  this  horizon  from  the  outcrops  on  Empire  hill,  where  abun- 
dant fossils  were  found. 

Fossils. — Fossil  remains  were  found  in  various  beds  of  this  formation 
in  the  Ten-Mile  district;  in  a  peculiar  black  limestone  of  the  Hoosier  ridge, 
to  the  northeast  of  Mount  Silverheels ;  and  on  Empire  hill,  on  the  west 
side  of  the  range,  adjoining  Weston  fault. 

From  ten  different  localities  in  these  regions  the  following  forms  were 
obtained  : 


Productus  costatus. 
Producing  Nebrascensis? 
Productus  Prattenana. 
Productus  cora. 
Spirifera  Bockymontana. 
Spirifera  (Martinia)  lineata. 
Spirifera  camerata. 
Athyris  subtilita. 
Streptorhynchus  crassm. 
Chonetes  Glabra. 
Bellerophon  crassus. 
Bellerophon  percarinatus. 
Bellerophon  (sp.  ?). 
Microdon  tenui-striatum  (very  small). 
Microdon  obsoletum. 
Pleurophorus  occidental  IK. 


Pleurotomaria  (like  P.  Qreyvillewis). 
Xaticopxiii  (like  y.  Altonensis). 
Macrochcilw  (primigenius  ?). 
Nucula  (tentricosa  t). 
Nucula  (like  N.  Beyriche). 
Microdoma  (nearly  M.  conica). 
Euomphalus  (sp.  !). 
Archfeoccidaris  (sp.  t). 
Astartella  (8p.  ?). 
Loxomena  (sp.  t). 
Fenestella  (sp.  t). 
Murchinonia  (sp.  f). 
Synocladia  (sp.  t). 
Nautilus  (sp.  ?). 
Entolium  (sp.  t). 
Amplexm  (sp.  !) 


MESOZOIC. 


As  Mesozoic  beds  do  not  occur  within  the  area  of  the  map,  no  attempt 
was  made  to  study  them  systematically  or  to  obtain  a  measurement  of 
their  thickness,  which  would  have  taken  a  great  deal  of  time  and  probably 
been  impracticable  without  a  more  detailed  map  than  could  be  had,  Their 
aggregate  thickness  has  therefore  been  assumed  to  be  not  less  than  GjOOO 
feet,  a  safe  estimate  judging  from  the  thicknesses  given  by  the  geologists 
of  the  Hayden  Survey  for  various  parts  of  Colorado. 
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The  red  sandstones  of  Mount  Silverheels,  above  the  beds  assumed  to 
be  Upper  Coal  Measures  in  this  report,  are  noticeable  for  their  coarse  grain 
and  for  the  abundant  pebbles  of  Archean  rocks  which  they  contain.  In 
some  intercalated  shaly  beds  just  east  of  Fairplay,  Professor  Lakes  found 
plant  remains  and  fossil  insects.  The  former  were  determined  by  Professor 
Lesquereux  to  be  undoubtedly  Permian  and  the  latter  by  Mr.  A.  Hyatt  to 
be  as  certainly  of  Triassic  age.  In  such  conflict  of  evidence  it  seems  safer 
to  trust  to  that  of  animal  life,  since  it  is  already  well  established  that  in 
America  plants  came  into  existence  in  Cretaceous  time  which  in  Europe 
have  always  been  considered  to  have  made  their  first  appearance  during 
the  Tertiary. 

QUATERNARY. 

The  Quaternary  formations  which  have  been  designated  by  special 
colors  on  the  maps  and  sections  are  the  Glacial  or  Lake  beds,  and  the 
Post-Glacial  or  recent  detrital  formations.  As  already  shown,  there  is 
evidence  of  the  existence,  during  the  intermediate  flood  period  of  the 
Glacial  epoch,  of  a  large  fresh-water  lake  at  the  head  of  the  Arkansas 
Valley,  in  whose  bed  was  deposited  a  considerable  thickness  of  coarse  and 
rudely-stratified  beds  of  detrital  material  from  the  adjoining  mountains. 

Glacial  or  Lake  beds  (q). — Owing  to  the  limited  opportunities  afforded  for 
obsei'ving  these  beds  in  place,  it  was  impossible  to  obtain  a  complete  sec- 
tion of  them  or  an  accurate  estimate  of  their  aggregate  thickness.  The 
maximum  thickness  observed  is  about  300  feet;  their  material  is  generally 
coarse,  and,  as  might  be  expected,  very  much  coarser  along  what  is  known 
to  have  been  the  shore  line  of  the  lake.  The  finest  of  the  beds  consist  of  a 
calcareous  marl,  whose  development  seems  to  have  been  extremely  local. 
The  prevailing  beds  are  a  loose  friable  sandstone,  resembling  granite  decom- 
posed in  place,  consisting  largely  of  grains  of  quartz  and  feldspar,  and 
often  somewhat  iron-stained.  These  beds  frequently  alternate  with  those 
of  coarser  material,  which  form  a  rude  conglomerate.  The  coarser  beds 
contain  both  angular  fragments  and  bowlders  of  the  rocks  which  make  up 
the  range,  and  lithologically  can  hardly  be  distinguished  from  the  Wash  of 
the  succeeding  formation;  but,  where  any  considerable  thickness  of  the 
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beds  is  cut  through,  the  stratification  lines  are  easily  recognizable  and  serve 
to  distinguish  this  formation  from  the  latter. 

Along  the  immediate  shore-line — as,  for  instance,  under  the  Wash  of 
Fryer  and  Carbonate  hills — the  upper  portion  of  the  Lake  beds  consists  fre- 
quently of  large  angular  fragments,  a  number  of  which  are  derived  from 
the  actual  outcrops  of  ore  bodies. 

Recent  or  Post-Giaciai  (r). —  Theoretically  this  rubric  includes  all  the  beds 
of  the  Post-Glacial  Quaternary  formations,  of  which  there  have  been  recog- 
nized 5 a  the  region  under  survey  several  subdivisions,  namely:  the  glacial 
moraines,  a  sort  of  bowlder  clay  or  rearranged  moraine  material  which  is 
prevalent  in  the  immediate  vicinity  of  Leadville,  where  it  received  the  local 
name  of  "  Wash ; "  a  sort  of  terrace  formation  found  in  the  larger  valleys;  and 
the  actual  alluvial  stream  bottoms. 

The  time  allotted  to  the  work  did  not  admit  of  a  sufficiently  complete 
study  of  these  different  subdivisions  to  justify  their  distinction  by  separate 
colors  on  the  map.  In  practice,  therefore,  on  the  surface  maps  only  the 
alluvial  bottoms  and  the  broader  accumulations  of  the  terrace  gravel  in  the 
larger  valleys  and  plains,  which  are  sufficient  to  completely  obscure  the 
subjacent  geology,  have  been  indicated.  In  the  cross-sections  of  the  spe- 
cial map  of  Leadville,  however,  where  the  explorations  of  shafts  have  given 
unusually  complete  data,  the  Wash  is  also  included  under  this  rubric.  On 
the  surface  maps  of  Leadville  and  of  the  various  groups  of  mines  both 
these  formations  have  been  left  out,  as  they  would  have  hidden  an  impor- 
tant part  of  the  geological  outlines  of  the  actual  rock  surface;  they  have, 
however,  been  indicated  to  scale  in  the  cross-sections. 

DISTRIBUTION  OF  SEDIMENTARY  FORMATIONS. 

The  superficial  distribution  of  the  various  sedimentary  formations,  or 
the  relative  area  covered  by  their  outcrops,  being  a  function  of  or  depend- 
ent upon  erosion,  is  intimately  connected  with  the  existing  topographical 
structure  of  the  region.  Were  erosion  the  only  factor  to  be  considered,  the 
Archean  rocks  would  be  found  exposed  continuously  on  the  west  side  of  a 
line  approximately  representing  the  old  shore-line  and  in  the  deeper  drain- 
age valleys  and  anticlinal  axes  of  the  eastern  side.  The  displacements  of 
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the  numerous  faults  which  run  through  the  region  have,  however,  consid- 
erably modified  this  normal  distribution.  In  point  of  fact,  the  central  por- 
tion in  the  latitude  of  Leadville  is  mainly  covered  by  the  outcrops  of  Pa- 
leozoic sedimentary  beds  and  of  intruded  masses  of  porphyry,  the  Archean 
exposures  being  confined  to  deep  glacial  amphitheaters  near  the  crest  of 
the  range,  and  to  minor  masses  which  represent  the  eroded  crests  of  anti- 
clinal folds. 

In  the  northern  portion  of  the  area  Archean  rocks  are  exposed  along 
the  main  crest  of  the  range  and  in  the  deep  canon  valleys  and  glacial  am- 
phitheaters of  the  streams  which  flow  into  the  Platte,  Paleozoic  beds  being 
found  only  on  the  eastward  sloping  flanks  of  the  included  spurs.  On  the 
western  side  of  the  range,  owing  to  the  displacement  of  the  great  Mosquito 
fault,  the  area  adjoining  the  valley  of  the  east  fork  of  the  Arkansas  is  cov- 
ered by  beds  of  the  Weber  Grits  formation,  while  a  bordering  fringe  of 
outcrops  of  Lower  Quartzite  and  White  and  Blue  Limestone  beds  is  found 
on  the  northern  and  eastern  rim  of  Tennessee  Park. 

In  the  southern  half  of  the  map  the  western  limit  of  Paleozoic  beds  is  a 
line  running  southeasterly  from  the  forks  of  the  Arkansas  to  the  crest  of  the 
range  at  Weston's  pass,  and  southward  beyond  the  limits  of  the  map  along 
the  crest,  approximately  in  a  north  and  south  line.  West  of  this  line  are 
found  only  the  granites  and  schists  of  the  Archean,  and  irregular  dikes  and 
intrusive  masses  of  porphyry.  In  the  area  included  between  this  line  and 
the  crest  of  the  range  are  triangular  zones  of  easterly  dipping  sedimentary 
beds,  in  some  cases  forming  a  continuous  series  from  the  Cambrian  to  the 
Upper  Coal  Measures,  cut  off  abruptly  by  fault-lines  and  succeeded  again 
on  the  east  by  Archean  exposures.  On  the  east  of  the  crest  the  Paleozoic 
beds  slope  regularly  back  beneath  the  floor  of  the  South  Park,  the  Archean 
rocks  being  found  only  in  the  deeper  hollows  at  the  heads  of  the  streams 
Beyond  the  limits  of  the  map  the  outcrops  of  the  more  resisting  beds  of 
Mesozoic  age  form  parallel  ridges,  running  across  South  Park  from  north  to 
south.  The  Quaternary  Lake  beds  are  found  only  along  the  lower  ends  of 
the  spurs  extending  out  into  the  Arkansas  Valley  from  Leadville  south  to 
the  limits  of  the  map. 
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ERUPTIVE    OR    IGNEOUS.. 

The  eruptive  rocks  of  this  region,  besides  the  granites,  which  were 
erupted  during  Archean  time,  are  of  Mesozoic  or  Secondary  and  of  Tertiary 
age.  The  most  important  of  these,  both  in  magnitude  of  development  and 
in  their  relations  to  the  ore  deposits  of  the  region,  are  the  Secondary  erup- 
tives ;  the  time  of  their  eruption  cannot,  as  explained  in  the  preceding 
chapter,  be  exactly  fixed,  but  was  probably  toward  the  close  of  the  Mesozoic. 
The  Tertiary  eruptives,  on  the  other  hand,  are  of  comparatively  limited  de- 
velopment and  have  had  no  appreciable  influence  on  the  deposition  of  ore ; 
their  age  is  determined  as  such,  not  by  any  direct  crossing  of  Tertiary  beds, 
of  which  no  instances  were  found  in  the  region,  but  from  their  lithological 
character,  their  analogy  to  eruptive  rocks  of  known  Tertiary  age  outside 
of  this  area,  and  from  the  fact  that  they  are  later  than  the  Secondary  erup- 
tives. 

SECONDARY   ERUPTIVES. 

The  earlier  eruptive  rocks  occur  mainly  in  the  form  of  intrusive  sheets, 
often  of  great  magnitude,  which,  having  been  forced  up  from  below  through 
some  more  or  less  vertical  vent  or  channel,  have  spread  themselves  out  be- 
tween the  strata,  generally  following  a  definite  horizon,  but  at  times  crossing 
the  stratification.  They  also  occur  in  the  form  of  dikes,  this  form  being 
most  common  in  the  underlying  Archean  rocks.  There  is  no  evidence  that 
any  of  them  were  poured  out  upon  the  surface  like  the  lavas  of  the  present 
day,  but  they  must  have  cooled  and  consolidated  under  a  great  weight  of 
superincumbent  strata,  to  which  is  doubtless  in  great  measure  due  their 
unusually  crystalline  character. 

They  are  with  unimportant  exceptions  porphy ritic  in  structure ;  that  is, 
they  contain  larger  crystalline  elements  in  a  groundmass  or  matrix  of  finer 
grain,  as  distinguished  on  the  one  hand,  from  the  granitic  structure,  in  which 
all  the  elements  are  crystalline  and  of  comparatively  uniform  size,  and  from 
Tertiary  eruptives  on  the  other,  in  which,  while  the  structure  may  be  por- 
phyritic,  the  larger  crystals  have  a  somewhat  different  development  and 
the  groundmass  is  made  up  in  great  part  of  non-crystalline  material. 
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These  distinctions  are  those  that  were  in  force  before  the  introduction 
of  the  use  of  the  microscope  in  lithological  study.  The  more  intimate 
knowledge  of  rock  structure  obtained  by  the  microscopical  study  of  rocks 
has  brought  about  many  changes  in  preconceived  ideas,  which  are  increas- 
ing every  year,  so  that  it  seems  merely  a  question  of  time  as  to  when  a  new 
system  of  classification  may  be  required.  Already  the  distinctions  noted 
above  are  true  only  of  the  most  typical  varieties  of  each,  while  between 
these  are  transition  members  which  often  must  be  placed  in  the  one  cate- 
gory or  the  other  by  some  other  distinguishing  characteristic,  such  as  time 
of  eruption,  internal  structure,  etc.  In  the  present  work  it  has  been  judged 
best  to  preserve  the  prevailing  usage  of  designating  the  Secondary  porphy- 
ritic  rocks  in  which  the  prevailing  feldspar  is  orthoclastic  as  porphyries,  and 
those  in  which  plagioclastic  feldspars  decidedly  predominate  as  porphyrites. 
When  the  porphyrite  is  entirely  granitic  or  evenly  granular  it  becomes  a 
diorite. 

On  the  general  map  of  the  Mosquito  Range  only  two  colors  are  given 
to  the  porphyries,  founded  on  two  general  divisions  which  have  a  geograph- 
ical as  well  as  a  structural  value.  In  the  first  of  these  is  included  the  White 
Porphyry  and  its  closely  allied  form,  the  Mount  Zion  Porphyry,  which  are 
the  older  and  more  nearly  granular  rocks,  and  which  occur,  with  unimpor- 
tant exceptions,  only  south  of  the  north  line  of  the  Leadville  map  ;  the  sec- 
ond includes  all  other  varieties  of  the  Secondary  porphyritic  rocks  of  the 
region,  which  are  generally  younger  and  less  uniformly  crystalline,  and 
which  do  not  occur  south  of  the  south  line  of  the  Leadville  map. 

On  the  detailed  map  of  Leadville  and  vicinity  the  principal  varieties 
of  porphyry  are  each  designated  by  a  special  color,  the  division  "  Other 
porphyries  "  including  those  which  could  not,  with  absolute  accuracy,  be 
brought  into  either  of  the  other  divisions. 

1  In  the  time  that  has  elapsed  since  field  work  was  completed  and  the  maps  colored,  opportunity 
has  been  had  for  studying  more  comprehensively  the  various  Secondary  eruptives  in  the  course  of 
work  carried  on  in  neighboring  districts,  and  it  has  been  found  that  some  of  the  varieties  designated 
oil  the  following  pages  as  porphyry,  viz,  the  Sacramento,  Silverlieels,  and  Green  porphyries,  should 
probably  be  classed  as  porphyrites.  The  reasons  for  this,  as  well  as  the  detailed  description  of  all  the 
rocks  from  a  microscopical  point  of  view,  deduced  from  their  study  under  the  microscope  by  Mr.  Cross, 
will  be  found  in  Appendix  A. 
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MOUNT   ZION   PORPHYRY. 

This  porphyry,  when  fresh  and  unaltered,  is  a  gray  rock  resembling 
fine-grained  granite,  and  is  made  up  mainly  of  quartz,  feldspar,  and  mica ; 
orthoclase  being  the  predominant  feldspar  and  biotite  the  original  mica; 
plagioclase  feldspar  is  decidedly  subordinate,  and  biotite  but  sparingly 
developed.  It  is  rarely  found  in  an  unaltered  condition,  however,  and  in 
the  various  stages  of  alteration  it  passes  through  a  rock  in  which  the  partly 
decomposed  biotite  produces  a  slightly  spotted  appearance  into  a  white  rock 
glistening  with  fine  lustrous  particles  of  muscovite  which  can  hardly  be  dis- 
tinguished from  the  White  Porphyry.  The  muscovite  results  mainly  from 
the  decomposition  of  the  feldspar  and  also  from  that  of  the  biotite.  Larger 
individuals  of  quartz  and  feldspar,  as  porphyritic  ingredients,  can  frequently 
be  distinguished  by  the  naked  eye.  Beside  the  above  minerals  the  micro- 
scope also  detects  zircon,  magnetite,  and  apatite  as  accessory  constituents 
of  the  rock ;  it  shows,  too,  that  the  texture  of  the  rock  is  quite  gramilnr 
throughout,  with  no  amorphous  material. 

Occurrence. — This  rock  is  of  comparatively  limited  development,  being 
found  thus  far  only  on  Mount  Zion  and  on  Prospect  Mountain.  It  is  gen- 
erally in  a  less  altered  and  therefore  more  typical  condition  on  Mount  Zion, 
for  which  reason  it  has  received  that  name;  but  the  most  entirely  unaltered 
specimens  were  obtained  from  some  deep  shafts  on  Prospect  Mountain.  On 
the  south  slopes  of  Prospect  Mountain  it  is  generally  very  much  decom- 
posed and  apparently  grades  off  into  White  Porphyry,  so  that  it  is  difficult 
to  draw  a  sharp  dividing  line  between  the  two  rocks.  No  rock  that  could 
be  definitely  classed  with  this  variety  has  been  found  south  of  Evans  gulch, 
and  the  body  in  the  bed  of  the  gulch  above  the  mouth  of  South  Evans  has 
been  assigned  to  it  somewhat  doubtfully. 

WHITE   PORPHYRY. 

The  White  or  Leadville  Porphyry  is  a  generally  white  or  granular, 
compact,  homogeneous-looking  rock,  composed  of  quartz,  feldspar,  and 
muscovite.  The  quartz  and  feldspar  are  so  intimately  mixed  together  that 
they  can  only  occasionally  be  distinguished  by  the  naked  eye,  the  former 
in  small,  double-pointed,  hexagonal  pyramids,  the  latter  in  small,  white,  rect- 
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angular  crystals.  The  muscovite  as  an  original  constituent  occurs  in  spar- 
ingly distributed,  dark,  hexagonal  plates,  which  were  at  first  supposed  to  be 
biotite;  their  true  character  was  learned  only  when  a  specimen  was  found 
containing  enough  of  the  crystals  to  be  subjected  to  optical  and  chemical 
tests.  (See  Appendix  B,  Table  I,  Analysis  II.)  A  characteristic  appear- 
ance of  the  rock  is  the  frequent  occurrence  of  pearly-white  leaflets  of  mus- 
covite, often  in  star-like  aggregations,  resulting  from  the  decomposition  of 
the  feldspars.  Orthoclase  is  the  predominant  feldspar.  No  biotite  has  ever 
been  detected  in  the  White  Porphyry;  but,  as  the  rock  is  always  in  a  more 
or  less  advanced  stage  of  decomposition  and  as  biotite  occurs  in  the  Mount 
Zion  Porphyry,  which  seems  to  pass  into  it,  it  may  have  been  an  original 
constituent,  though  it  is  rather  remarkable  that  no  traces  of  it  exist  even 
in  the  small  dikes  where  the  rock  still  retains  a  distinct  porphyritic  struct- 
ure and  has  a  fresh  conchoidal  fracture.  By  means  of  the  microscope  are 
found  zircon  as  a  common  and  magnetite  and  apatite  as  rarer  constituents 
of  this  rock.  No  glassy  matter  is  found,  either  in  groundmass  or  in  inclu- 
sions. Chemical  analysis  shows  an  appreciable  amount  of  BaO  and  PbO, 
substances  common  in  the  ores,  in  its  composition. 

Among  the  miners  it  is  known  also  as  "block  porphyry,"  on  account  of 
its  tendency  to  split  up  into  angular  blocks,  which  are  often  stained  interi- 
orly in  concentric  rings  by  iron  oxide;  and  also  as  "forest  rock,"  from  the 
frequent  deposition  of  dendritic  markings  of  oxide  of  manganese  on  the 
cleavage  surfaces. 

Occurrence. — The  principal  development  of  the  White  Porphyry  is  con- 
fined to  a  zone  about  the  width  of  the  Leadville  map,  and  running  from  the 
western  boundary  of  that  map  south  of  east,  instead  of  due  east  as  the  map 
itself  does.  In  other  words,  its  lines  have  the  prevailing  northwest  and 
southeast  trend  of  other  larger  features  of  the  region.  Within  this  zone  it 
is  developed  on  an  enormous  scale,  and  occurs  mainly  as  an  intrusive  sheet 
directly  overlying  the  Blue  Limestone  and  in  contact  with  the  principal  ore 
deposits.  It  is  not,  however,  entirely  confined  to  this  horizon,  but  is  also 
found  at  both  lower  and  higher  horizons  and  can  sometimes  be  observed 
crossing  a  stratum,  generally  at  a  low  angle,  from  one  horizon  to  another, 
thus  splitting  the  sedimentary  bed  into  two  wedge-shaped  portions.  This 
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occurrence  is  most  noticeable  in  the  area  of  the  Leadville  map  along  an 
imaginary  northwest  and  southeast  line,  on  one  side  of  which  it  is  found 
both  above  and  below  the  Blue  Limestone,  while  on  the  other  it  occurs  only 
above  it. 

The  main  sheet  has  an  average  thickness  of  several  hundred  feet  and 
varies  in  its  extreme  dimensions  from  20  feet  along  the  northeast  edge  of 
the  zone  to  1,500  feet  at  White  Ridge,  on  the  east  side  of  the  range,  the 
point  of  its  maximum  development  and  supposed  to  be  the  locality  of  its 
principal  vent. 

Although  all  these  masses  must  have  been  originally  forced  up  from 
below  through  the  Archean,  it  is  remarkable  that  no  section  has  yet  been 
found  which  would  show  the  actual  passage  from  the  Archean  dike  to  the 
interbedded  sheet.  The  nearest  approach  to  this  has  been  at  the  head  of 
Iowa  gulch,  on  Empire  hill,  and  in  a  Lore-hole  in  South  Evans  gulch, 
where  White  Porphyry  has  been  found  in  the  Archean  in  probable  dike 
form,  and  on  White  Ridge  and  Lamb  Mountain,  in  Horse  Shoe  gulch,  where 
it  is  seen  cutting  up  nearly  vertically  across  Carboniferous  strata. 

South  of  the  zone  above  mentioned,  White  Porphyry  is  found  as  a 
remarkably  persistent  sheet  at  the  Blue  Limestone  horizon  gradually  thin- 
ning out  and  extending  to  the  southward  as  far  as  Weston's  pass.  North  of 
the  zone  it  is  found  only  in  small  sheets  at  Little  Zion,  Mosquito  Peak,  and 
London  hill,  and  in  several  small  dikes  in  the  Mount  Lincoln  massive,  its 
place  being  occupied  by  other  varieties  of  porphyry. 

LINCOLN   PORPHYRY. 

The  other  forms  of  porphyry  found  (and  which  on  the  Mosquito  map 
have  been  designated  by  one  general  color),  though  presenting  a  number  of 
varieties  in  the  field,  have  essentially  the  same  general  composition,  both 
mineralogiccil  and  chemical.  They  consist  mainly  of  quartz,  two  feldspars, 
and  biotite,  hornblende  occurring  as  an  essential  ingredient  only  in  one 
variety.  The  crystalline  ingredients  are  easily  distinguishable  by  the  eye, 
and  there  is  therefore  no  danger  of  confounding  them  in  the  field  with 
White  Porphyry,  except  in  the  conditions  of  extreme  decomposition  in 
which  they  may  be  found  near  the  ore  bodies.  This  crystalline  structure, 
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on  the  other  hand,  is  often  so  far  developed  that  they  are  not  readily  dis- 
tinguished by  the  untechnical  eye  from  granites ;  as  such,  indeed,  they  are 
frequently  classed  by  the  miners.  A  careful  examination,  however,  readily 
reveals  their  structural  difference,  which  is  that  in  them  the  larger  crystals 
are  inclosed  in  a  finer-grained  groundmass,  whereas  between  the  crystals  of 
granite  there  is  no  such  intervening  and  apparently  structureless  material. 

The  principal  subdivision  of  this  group  has  been  called  Lincoln 
Porphyry,  from  the  fact  that  it  is  typically  developed  in  the  mountain  mass 
around  Mount  Lincoln.  Its  most  striking  characteristic  is  the  frequent 
occurrence  of  large  crystals  of  pinkish  orthoclase,  from  one  inch  upwards  in 
size,  with  a  peculiar  luster  like  that  of  sanidine.  Plagioclase  is  generally 
in  small,  white,  opaque  crystals.  Quartz  occurs  in  double-pointed  hexagonal 
pyramids,  which  have  a  rounded  outline  on  fracture  surfaces  and  often  a 
slightly  roseate  tint.  Mica  is  found  in  small  hexagonal  plates,  generally 
decomposed  and  of  greenish  color.  The  microscope  discloses,  in  addition 
to  the  above  minerals,  allanite,  zircon,  magnetite,  titanite,  and  apatite.  No 
microfelsitic  or  glassy  matter  is  found  in  any  rock  of  this  type  and  no  glass 
inclusions  occur  in  the  Mount  Lincoln  rock.  Orthoclase  feldspar  predomi- 
nates in  the  groundmass  and  in  the  rock  as  a  whole,  while  among  the 
porphyritic  crystals  of  rocks,  in  which  the  characteristic  large  orthoclase 
are  wanting,  plagioclase  is  in  relatively  larger  proportion.  Owing  to  the 
size  of  the  crystals,  large  masses  of  the  rock  have  at  a  little  distance  a 
decidedly  granitic  appearance.  On  weathered  surfaces,  especially  in  the 
dry  region  of  the  mountain  peaks,  it  is  of  light-gray  color,  somewhat 
bleached,  and  often  slightly  stained  by  hydrous  oxide  of  iron.  In  mine 
workings,  on  the  other  hand,  when  freshly  broken  it  has  a  decidedly  greenish 
tint,  from  the  change  of  biotite  into  chlorite. 

occurrence. — The  main  development  of  the  typical  Lincoln  Porphyry  is 
in  the  neighborhood  of  Mount  Lincoln,  where  it  occupies  the  same  position 
with  regard  to  the  ore  deposits  of  that  region  that  the  White  Porphyry  does 
about  Leadville.  It  forms  the  immediate  summit  of  Mount  Lincoln,  where 
it  is  apparently  the  remains  of  a  laccolitic  body  or  head  of  a  channel  of 
eruption.  It  occurs  as  an  interbedded  sheet  in  the  Cambrian  and  forms 
several  large  bodies,  apparently  interbedded  sheets,  in  the  Weber  Grits 
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which  form  the  wooded  ridges  on  either  side  of  the  Platte  Valley  in  that 
region.  It  also  occurs  in  the  form  of  narrow  dikes,  cutting  through  the 
Archean.  On  the  west  side  of  the  range  it  forms  many  large  bodies  in  the 
Weber  Grits,  the  most  important  of  which  is  the  laccolite  body  of  Buckeye 
Peak.  These  bodies  in  the  northwestern  part  of  the  region  pass  into  the 
closely  allied  variety  called  Eagle  River  Porphyry,  with  which  they  doubt- 
less connect,  and  which  will  be  described  in  detail  in  a  forthcoming  report 
on  the  Ten-Mile  district. 


GRAY  PORPHYRY. 


This  rock,  which  occurs  only  in  the  immediate  vicinity  of  Leadville,  is 
in  its  typical  form  apparently  a  decomposed  Lincoln  or  Eagle  River  Por- 
phyry. It  has  the  same  mineral  composition  and  frequently  the  large  ortho- 
clase  crystals  that  the  former  has,  and  can  be  traced  as  a  continuous  sheet 
through  transition  forms  into  the  typical  variety  of  the  latter.  It  is  almost 
invariably  decomposed,  and  on  or  near  the  surface  is  generally  a  greenish- 
gray  rock,  showing  numerous  crystals  in  a  prominent  earthy-looking  ground- 
mass;  in  the  mines  it  is  usually  found  bleached  and  often  reduced  to  a 
white  pasty  mass  in  which  the  outlines  of  former  crystalline  constituents 
are  but  faintly  traceable.  It  is  of  importance  in  connection  with  the  ore 
deposits,  as  where  it  has  crossed  the  Blue  Limestone  it  has  often  played  the 
same  role  with  regard  to  them  as  the  White  Porphyry. 

As  distinguished  from  the  Lincoln  Porphyry  the  microscope  detects 
traces  of  former  hornblende  in  the  rock  and  finds  glass  inclusions  in  the 
quartz  and  numerous  fluid  inclusions  in  the  feldspar. 

Occurrence. — The  main  sheet  of  Gray  Porphyry,  the  only  body  which  is 
distinguished  by  a  distinct  color  on  the  Leadville  map,  occurs  above  the 
main  sheet  of  White  Porphyry  in  the  northern  half  of  the  area  shown  on 
that  map,  and  extends  beyond  it  to  Mount  Zion.  Other  bodies  which 
belong  without  question  to  this  variety,  as  well  as  those  which  are  more 
doubtful,  have,  for  reasons  to  be  given  below,  been  included  under  the  color 
of  "Other  porphyries"  on  this  map.  The  most  important  of  these  is  a  sheet 
occurring  in  the  Blue  Limestone,  cutting  transversely  upwards  from  its  base 
to  the  overlying  White  Porphyry.  Among  those  which  are  doubtful  are 


SACRAMENTO  PORPHYRY.  81 

the  Printer  Boy  and  Josephine  Porphyries,  which  occur  the  one  on  Printer 
Boy,  the  other  on  Long  and  Derry  hill.  Among  rocks  so  thoroughly 
decomposed  as  are  those  in  the  immediate  vicinity  of  the  ore  bodies  it  is 
often  impossible  to  assign  an  occurrence  with  absolute  certainty  to  a  dis- 
tinct type;  the  miner  can,  however,  in  most  cases  distinguish  these  porphyries 
from  the  White  Porphyry  by  the  outlines  of  former  crystals  which  the  slight 
stain  of  iron  oxide  caused  by  their  decomposition  leaves. 

SACRAMENTO   PORPHYRY. 

This  rock  in  the  hand  specimen  has  the  same  general  appearance  as 
the  variety  of  Lincoln  Porphyry  which  has  no  large  crystals.  It  is  a  dark- 
gray,  granular,  rather  even-grained  rock,  in  which  the  groundmass  is  decid- 
edly subordinate,  and  contains  quartz,  two  feldspars,  biotite,  and  horn- 
blende. It  is  distinguished  from  the  former  rock  by  carrying  a  much  larger 
proportion  of  plagioclase  feldspar,  and  hornblende  as  well  as  biotite.  The 
microscope  discloses  the  usual  accessory  minerals,  with  allanite  and  pyrite, 
and  shows  that  the  groundmass  is  holocrystalline  and  contains  no  glassy 
material.  In  the  large  masses  of  the  higher  mountain  region  it  is  usually  a 
fresh-looking  rock,  but  in  mine  workings  and  under  a  covering  of  soil  and 
gravel  capable  of  holding  water  it  is  usually  much  decomposed  and  bleached 
to  a  light-green,  almost  homogeneous-looking  rock,  with  much  epidote.  The 
processes  of  decomposition  in  this  rock,  which  are  exceptionally  interesting, 
are  explained  at  length  in  Appendix  A. 

Occurrence. — The  main  laccolitic  body  of  Sacramento  Porphyry  is  found 
under  Gemini  Peaks,  between  the  heads  of  Big  and  Little  Sacramento 
gulches.  A  fine  cliff  section  of  the*  body  is  also  found  on  the  face  of  Mount 
Evans  towards  Evans  Amphitheater.  It  reaches  a  thickness  of  over  a 
thousand  feet  in  this  i*egion.  Its  main  sheet  occurs  above  the  White  Por- 
phyry, or,  when  this  is  wanting,  with  an  interposition  of  Weber  Shales 
between  it  and  the  Blue  Limestone.  East  of  the  London  fault  it  rests 
directly  on  the  Blue  Limestone,  and  in  the  neighborhood  of  the  Sacramento 
mine  it  plays  the  same  role  with  regard  to  the  ore  deposits  that  the  White 
and  Lincoln  porphyries  do  at  other  points.  It  also  forms  sheets  higher  up 
in  the  Weber  Grits  and  less  frequently  in  the  lower  Paleozoic  strata  In 
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a  broad,  general  way  it  may  be  said  that  on  the  eastern  slope  of  the  range 
Lincoln  Porphyry  extends  from  the  northern  edge  of  the  map  to  Mosquito 
gulch,  Sacramento  Porphyry  from  Mosquito  gulch  to  the  ridge  south  of 
Little  Sacramento  gulch,  and  White  Porphyry  from  there  south  to  the  limits 
of  the  map.  The  only  point  observed  which  showed  evidence  of  a  feeding 
channel  from  below  was  at  the  head  of  Little  Sacramento  gulch. 

PYRITIFEROUS    PORPHYRY. 

This  rock,  though  an  extremely  important  element  in  the  geology  of 
the  immediate  vicinity  of  Leadville,  does  not  occur  outside  that  region  and, 
like  most  of  the  eruptive  rocks  in  the  vicinity  of  the  great  ore  concentra- 
tions, is  in  such  a  universally  decomposed  condition  that  its  original  constitu- 
ents cannot  be  definitely  determined.  It  is  generally  of  a  white  color,  with 
grayish-green  or  pinkish  tints,  comparatively  fine  grained,  and  with  no 
traces  of  large  crystals.  In  it  can  be  distinguished  small  grains  of  white 
feldspar,  quartz,  biotite  which  is  generally  altered  to  a  chloritic  substance, 
and  pyrite.  The  last  ingredient,  from  which  it  derives  its  name,  is  found 
abundantly  scattered  through  the  rock  in  crystals,  often  so  fine  as  to  be 
undistinguishable  by  the  naked  eye.  They  occur  at  times  within  the  crystals 
of  quartz  and  biotite,  and  are  hence  supposed  to  be  an  original  constituent 
of  the  rock.  They  are  frequently  concentrated  along  cleavage  planes, 
sometimes  associated  with  finely  disseminated  crystals  of  galena.  Pyritif- 
erous  Porphyry  is  readily  distinguished  from  the  White  Porphyry  by  its 
crystalline  constituents.  It  differs  from  the  Sacramento  and  Gray  Porphy- 
ries by  a  relatively  small  amount  of  plagioclase  feldspar  and  from  the 
former  by  the  absence  of  hornblende  Its  most  strikingly  distinctive  feat- 
ure is  the  amount  of  pyrites  which  it  contains,  which  is  estimated  to  con- 
stitute, on  the  average,  4  per  cent,  of  its  mass.  The  only  further  constitu- 
ents disclosed  by  the  microscope  are  minute  crystals  of  zircon.  Fluid  but 
no  glass  inclusions  are  found. 

Occurrence. — The  Pyritiferous  Porphyry,. as  stated  above,  is  confined  to 
the  area  of  the  Leadville  map,  and  is  at  present  principally  developed  on 
Breece  hill  and  the  slopes  of  Ball  Mountain.  Its  original  extent  previous 
to  erosion  was  probably  much  greater  than  at  present.  It  is  a  stratigraph- 
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ical  replacer  of  the  Gray  Porphyry  on  the  north  and  of  the  Sacramento 
Porphyry  on  the  east,  occurring  mainly  above  the  Blue  Limestone,  but  with 
either  White  Porphyry  or  Weber  Shales  interposed  between  it  and  that  hori- 
zon. In  California  gulch  it  is  also  found  at  lower  horizons,  but  apparently 
cutting  across  them  upwards. 

MOSQUITO    POKPHYRY. 

This  porphyry,  a  light-gray,  fine-grained  rock  occurring  exclusively 
in  the  form  of  dikes,  is  formed  of  quartz,  two  feldspars,  and  biotite.  The 
quartz  is  very  prominent,  in  clear,  irregular  grains;  orthoclase  feldspar 
is  predominant  over  plagioclase;  biotite  occurs  in  small  leaves  and  is  not 
abundant.  The  occurrence  of  macroscopical  apatite  in  glistening  hexag- 
onal prisms  is  a  noticeable  feature  of  the  rock.  The  microscope  discloses 
a  remarkable  association  of  small  ore  grains  (ilmenite,  pyrite,  specular  hem- 
atite, and  magnetite),  together  with  zircon. 

Occurrence. — The  type  rock  was  only  observed  in  dikes  in  the  Archean, 
viz,  in  the  North  Mosquito  Amphitheater,  on  the  north  face  of  Mount  Lin- 
coln, and  in  Cameron  Amphitheater  where  it  extends  from  the  Archean  up 
into  the  Paleozoic. 

GREEN  PORPHYRY. 

This  is  a  fine-grained,  almost  compact  rock,  of  light-green  color,  result- 
ing from  the  chloritic  decomposition  of  its  original  constituents,  which  renders 
their  identification  difficult.  Quartz,  two  feldspars,  biotite,  and  hornblende 
have  been  identified;  but  the  relative  proportions  of  orthoclase  and  plagio- 
clase are  not  readily  apparent.  Muscovite  and  calcite  are  decomposition 
products  of  the  feldspars.  The  groundmass  is  often  so  subordinate  that 
the  rock  seems  macrocrystalline. 

occurrence. — It  is  found  as  interstratified  sheets  on  lower  Loveland  hill 
near  the  Fanny  Barrett  claim  and  in  Cambrian  quartzite  on  the  north  side 
of  Mosquito  gulch;  also,  as  a  dike  running  north  across  the  Paleozoic  beds 
from  the  lower  edge  of  Bross  Amphitheater. 

SILVERHEELS    PORPHYRY. 

This  rock  forms  important  intrusive  sheets  on  the  mountain  mass  of 
Silverheels  outside  of  the  limits  of  the  Mosquito  map ;  it  has  not  been  so 
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carefully  studied  as  the  other  varieties.  It  is  an  extremely  fine-grained, 
greenish-gray  rock,  which  in  the  hand  specimen  is  characterized  by  fine 
needles  of  what  is  apparently  decomposed  hornblende.  It  carries  quartz  in 
small  amount,  two  feldspars  whose  relative  proportions  are  not  readily 
apparent,  with  hornblende  and  biotite.  These  constituents  are  so  very 
small  as  not  to  be  readily  distinguished.  The  microscope  discloses  the  usual 
accessory  minerals,  including  allanite  and  pyrite.  The  groundmass  is 
holocrystalline  and  contains  no  glass.  A  porphyritic  rock  found  on  a  south- 
ern spur  of  Mount  Silverheels,  at  the  forks  of  Crooked  Creek,  although  of 
much  coarser  grain  and  more  distinctly  porphyritic  habit,  has  essentially 
the  same  elements  as  the  Silverheels  Porphyry. 

DIORITE. 

Only  three  occurrences  of  granular  plagioclastic  rocks  were  found  in 
the  region,  each  of  which  was  in  the  form  of  a  dike  cutting  through  the 
Archean  in  Buckskin  gulch.  The  rock  of  each  of  these  occurrences  repre- 
sents a  distinct  variety  of  the  type. 

Hornblende  diorite. — The  normal  diorite,  which  forms  a  broad  dike  cross- 
ing the  head  of  the  gulch,  is  a  fine-grained,  gray  rock,  in  which  the  prom- 
inent constituents  are  plagioclase  feldspar  and  hornblende,  while  a  little 
quartz,  brown  biotite,  yellow  titanite,  and  dark  ore  grains  can  be  detected 
by  the  naked  eye.  The  microscope  discloses  also  zircon  and  apatite,  with 
chlorite  and  epidote  as  alteration  products  of  the  hornblende  and  biotite, 
and  muscovite  formed  from  orthoclase.  A  similar  rock  i's  found  in  French 
gulch,  on  the  west  side  of  the  range 

Quartz-mica  diorite. — This  rock  occurs  on  the  south  side  of  Buckskin  gulch, 
opposite  the  Red  Amphitheater.  It  is  a  dark,  even-grained  rock,  in  which 
quartz  and  feldspar  are  more  prominent  than  the  small  irregular  leaves  of 
biotite;  hornblende  is  wanting.  The  microscope  shows  zircon,  magnetite, 
apatite,  biotite,  plagioclase,  orthoclase,  and  quartz  as  original  constituents. 

Augitic  diorite. — This  rock,  which  is  darker  and  finer  grained  than  either 
of  the  preceding,  occurs  in  the  Red  Amphitheater,  cutting  up  through  the 
Archean  into  the  base  of  the  Cambrian.  In  the  hand  specimen  only  horn- 
blende, biotite,  plagioclase,  and  a  little  quartz  can  be  distinguished,  tmt  the 
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microscope  detects  also  augite,  orthoclase,  zircon,  titanite,  magnetite,  hema- 
tite, and  apatite. 

PORPHYRITE. 

As  compared  with  the  quartz-porphyries,  the  type  rocks  of  this  class 
are  distinguished  at  first  glance  by  a  great  predominance  of  basic  silicates 
(hornblende  or  biotite),  by  a  comparative  rareness  of  quartz,  and  by  their 
rather  younger  field  habit,  as  shown  by  the  marked  conchoidal  fracture 
and  generally  fresher  appearance.  For  the  latter  reason  it  was  at  first 
thought  in  the  field  that  they  might  possibly  be  of  Tertiary  age,  but  the 
fact  that  they  are  folded  and  faulted  with  the  inclosing  Paleozoic  rocks,  as 
well  as  their  internal  structure,  proves  them  to  be,  like  the  quartz  porphy- 
ries, of  Secondary  age.  In  their  manner  of  occurrence  they  are  also  distinct 
from  the  latter  rocks,  in  that  they  do  not  form  large  bodies,  neither  dikes 
nor  intrusive  sheets  being  as  a  rule  over  twenty  feet  in  thickness.  The 
former  often  occur  in  the  form  of  interrupted  dikes;  the  latter,  on  the 
other  hand,  while  occasionally  crossing  from  bed  to  bed,  have  a  most 
remarkable  extent  in  one  general  horizon  as  compared  with  the  thickness 
of  the  sheet.  Although  subordinate  in  amount  to  the  quartz  porphyries, 
these  rocks  occur  with  so  many  variations  of  internal  structure  and  compo- 
sition that  they  afford  a  complete  series,  including  almost  all  the  possible 
varieties  of  the  type,  and  a  complete  description  and  classification  made  by 
Mr.  Cross  from  a  lithological  point  of  view  will  be  found  in  Appendix  A. 
Only  the  general  features  of  the  rocks  will  therefore  be  given  here. 

The  typical  rock,  both  in  composition  and  manner  of  occurrence,  may 
be  taken  as  that  which  occurs  interbedded  in  the  Paleozoic  beds  along  the 
cliff  sections  on  either  side' of  Mosquito  gulch.  A  photograph  of  a  hand 
specimen  of  this  rock  is  reproduced  in  Plate  VII,  Fig.  2,  which  gives  some 
idea  of  its  general  appearance;  it  is  a  rather  dark  greenish-gray  rock,  with 
dark  weathered  surface  and  clean  conchoidal  fracture.  The  most  promi- 
nent macroscopical  constituents  are  well  defined  prisms  of  dark  hornblende 
and  small,  white,  opaque  crystals  of  plagioclase.  The  microscope  detects 
some  biotite  both  among  the  porphyritic  constituents  and  in  the  ground- 
mass,  and  both  orthoclase  and  quartz  in  the  groundmass  No  glass  and  but 
few  fluid  inclusions  are  found. 
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Occurrence. — The  manner  of  occurrence  of  this  rock  in  the  region  above 
mentioned  is  quite  remarkable.  It  has  been  traced  in  practical  continuity 
over  an  area  of  some  four  square  miles,  and  probably  has  a  much  wider 
extent.  It  is  regularly  interbedded  and  rarely  over  twenty  feet  in  thick- 
ness. It  is  easily  traceable  from  a  distance  on  the  cliff  walls,  as  a  dark 
band  between  the  lighter-colored  sedimentary  strata,  and,  while  it  appar- 
ently follows  rigorously  the  same  horizon,  it  is  found,  on  close  examina- 
tion, to  cross  from  bed  to  bed  at  different  points,  so  that  its  range  in  this 
area  is  actually  from  the  upper  part  of  the  Cambrian  to  the  top  of  the  Silu- 
rian. The  manner  in  which  it  crosses  the  beds  is  shown  in  Plates  XIII 
and  XIV.  It  also  occurs  at  various  other  points  in  narrow  dikes  in  the 
Archean. 

This  rock  forms  Type  V  of  Division  13  of  Mr.  Cross's  classification,  this 
division  being  that  in  which  the  hornblende  and  biotite  are  found  both  in 
the  groundmass  and  as  porphyritic  constituents.  His  Division  A  includes 
rocks  in  which  these  basic  minerals  are  entirely  wanting  in  the  groundmass, 
and  which,  in  consequence,  are  of  much  lighter  color  than  either  of  the 
other  divisions.  The  rocks  of  his  Division  C,  on  the  other  hand,  in  which 
the  hornblende  and  biotite  are  found  only  in  the  groundmass,  are  generally 
of  darker  color,  and  the  arrangement  of  these  minerals  around  the  larger 
porphyritic  crystals  often  shows  a  fluidal  structure. 

Included  fragments  of  pebbles  of  Archean  rocks  are  more  frequent  in 
these  than  in  any  other  eruptive  rocks  of  the  region,  and  in  Plate  VII,  Fig.  1, 
is  shown  a  specimen  of  a  rock  of  Division  A,  from  a  remarkable  dike  in  the 
Arkansas  Amphitheater,  in  which  the  included  fragments  are  large  rounded 
crystals  of  orthoclase,  whose  presence  in  such  form  it  has  not  yet  been  pos- 
sible to  account  for. 

TERTIARY  ERUPTIVES. 

The  Tertiary  eruptives  found  in  this  region  consist  of  rhyolites  and  one 
occurrence  of  quartziferous  trachyte  within  the  limits  of  the  Mosquito  map, 
and  of  an  interesting  occurrence  of  andesite  just  south  of  those  limits.  The 
quartziferous  trachyte  being  a  small  body,  and  of  no  great  importance  a» 
bearing  on  the  subject-matter  of  this  report,  has  not  been  designated  by  a 
special  color,  but  is  included  on  the  map  under  the  rhyolite  color.  The 
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eruption  of  these  rocks  had  apparently  no  influence  on  the  ore  deposition 
of  the  region,  since  that,  as  well  as  can  be  determined,  was  pre-Tertiary, 
and  no  ore  bodies  have  been  found  in  connection  with  these  rocks.  Their 
interest  is  therefore  chiefly  lithological. 

EHYOLITE. 

The  most  important  body,  both  in  mass  and  in  lithological  interest,  is  that 
of  Chalk  Mountain,  on  the  northern  edge  of  the  map,  which,  as  the  name 
of  the  mountain  indicates,  is  prominent  on  account  of  its  dazzling  white  color. 
It  is  a  very  crystalline  rock,  in  which  the  groundmass  is  so  subordinate  as 
to  appear  in  the  hand  specimen  entirely  wanting ;  it  corresponds,  therefore, 
to  the  generally  accepted  definition  of  Nevadite.  Its  prominent  constitu- 
ents are  sanidine,  generally  in  large  crystals  and  having  a  peculiar  satiny 
luster,  and  smoky  quartz.  The  microscope  also  detects  some  plagioclase,  a 
little  biotite,  with  magnetite,  apatite,  and  zircon  in  relatively  small  propor- 
tion as  compared  with  the  quartz  porphyries.  The  quartzes  contain  fluid 
inclusions.  A  careful  study  of  this  rock  by  Mr.  Cross  has  developed  the 
fact  that  the  peculiar  luster  of  these  feldspars  is  due  to  an  actual  parting, 
analogous  to  cleavage,  which  has  already  been  determined  as  that  which 
gives  the  blue  color  observed  in  the  feldspar  of  many  rocks,  notably  labra- 
dorite  and  some  rhyolites.  He  also  found  crystals  of  topaz  in  some  of  the 
druses  of  this  rock,  the  first  instance,  so  far  as  known,  in  which  this  mineral 
has  been  found  in  Tertiary  rocks.  On  Plate  VIII  is  the  reproduction  of  a 
photograph  of  a  hand  specimen  of  this  rock,  in  which  the  smoky  quartz 
grains  appear  black;  above  this  are  two  microsections  which  show  the  sim- 
ilar granular  structure  of  this  rock  and  of  White  Porphyry.1 

The  next  important  body  of  rhyolite  is  that  at  the  west  base  of  Bart- 
lett  Mountain,  at  the  head  of  McNulty  gulch,  a  tributary  of  the  Ten-Mile 
Creek;  it  here  cuts  across  porphyrite  and  quartz  porphyry.  This  rock, 
though  generally  light  colored,  is  not  as  white  as  the  Chalk  Mountain  rock, 
nor  is  it  so  decidedly  of  the  Nevadite  type,  the  groundmass  being  often  quite 
prominent.  It  contains  glassy  feldspars,  quartz,  and  biotite.  In  darker 

1  In  some  of  the  plates,  by  an  error  iu  proof-reading,  the  title  White  Porphyry,  which  belongs  to 
the  left-hand  section,  has  been  placed  below  the  right-hand  section  and  vice  versa.  The  reader  will 
bear  in  mind  that  the  section  containing  the  large  crystal  is  Nevadite. 
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portions  of  the  rock  biotite  is  quite  abundant  and  some  hornblende  appears. 
The  microscope  shows  glass,  but  no  fluid,  inclusions  in  both  quartz  and 
feldspar.  The  groundmass  is  cryptocrystalline.  In  general  habit  it  is 
more  like  the  recent  volcanics  than  the  Chalk  Mountain  rock,  and  yet,  in 
some  parts,  it  is  with  difficulty  distinguished  from  a  quartz  porphyry. 

A  third  important  body  of  rhyolite  is  that  which  forms  Black  hill,  at  the 
southeast  extremity  of  the  map.  This  is  a  light,  often  rather  pinkish  colored 
rock,  of  fresh  habit  and  conchoidal  fracture.  It  carries  macroscopically 
two  feldspars,  smoky  quartz,  and  some  biotite.  The  microscope  shows  the 
groundmass  to  be  granular,  and  that  fluid  inclusions  occur  in  both  quartz 
and  feldspar  and  glass  inclusions  in  the  quartz.  From  the  hand  specimen 
alone  the  rock  would  be  difficult  to  distinguish  from  an  earlier  quartz  por- 
phyry, but  the  manner  of  its  occurrence  and  its  relations  to  the  surround- 
ing rocks  leave  little  doubt  that  it  must  be  of  Tertiary  age. 

On  the  west  slope  of  Empire  hill  a  f-ne-grained,  nearly  white  rock  oc- 
curs below  the  White  Limestone,  which  is  distinctly  orthoclastic  and  con- 
tains quartz  and  biotite.  The  fact  that  the  quartz  contains  glass  and  no 
fluid  inclusions  points  to  a  Tertiary  age,  but  the  occurrence  has  not  been 
very  carefully  studied.  A  similar  rock  with  larger  crystals  was  found  in  a 
brecciated  material  from  the  Eureka  shaft,  in  Stray-Horse  gulch,  which  it 
has  not  yet  been  possible  to  account  for. 

Trachyte. — At  the  head  of  Union  gulch  are  small  irregular  bodies,  in 
granite  and  White  Limestone,  of  fine-grained,  dark-gray  rock,  full  of  brown 
biotite,  with  small  glassy  feldspars  and  some  rounded  yellowish  quartz  grains. 
The  microscope  shows  hornblende  and  about  equal  portions  of  orthoclase 
and  plagioclase.  The  groundmass  is  microfelsitic  and  has  a  fluidal  structure. 
The  quartz  grains  seem  rounded  and  worn,  and  are  confined  to  macroscopic 
individuals,  for  which  reason  they  are  regarded  as  accidental  rather  than 
normal  constituents,  and  as  the  rock  contains  only  61.22  per  cent,  silica  it 
is  considered  a  trachyte  rather  than  a  rhyolite. 
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The  Buffalo  Peaks  form  a  double-pointed  mountain  mass,  rising  about 
a  thousand  feet  above  the  main  crest  of  the  Mosquito  Range,  some  ten  miles 
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south  of  Weston's  Pass.  They  consist  of  a  normal  hornblende-andesite, 
which  is  the  cap  rock,  with  a  black  vitreous  rock  which  was  at  first  consid- 
ered an  augite-andesite,  and  a  great  development  of  tufaceous  and  breccia 
beds.  A  careful  study  of  the  darker  rocks  led  Mr.  Cross  to  the  conclusion 
that  their  characteristic  mineral  was  hypersthene,  and  to  the  establishment 
of  hypersthene-andesite  as  a  normal  pyroxenic  variety  of  this  class.  These 
rocks  are  described  briefly  in  Appendix  A,  and  more  fully  in  No.  1  of  the 
Bulletins  of  the  United  States  Geological  Survey. 


CHAPTER  IV. 

DESCRIPTIVE  GEOLOGY  OF  THE  MOSQUITO  RANGE. 

introductory. — The  following  pages  present  a  detailed  description  of  the 
area  included  in  the  Mosquito  map,  summarized  from  field  notes  made 
during  the  summer  of  1880.  They  contain  the  facts  upon  which  have  been 
founded  the  general  conclusions  drawn  elsewhere  with  regard  to  the  geol- 
ogy of  this  region,  and  therefore  include  many  details  that  may  not  inter- 
est the  general  reader,  but  which  will  be  of  use  to  those  who  wish  to  use 
the  maps  on  the  ground  or  who  desire  to  investigate  critically  the  correct- 
ness of  the  generalizations.  In  preparing  them  it  has  been  the  aim  of  the 
writer  to  condense  the  description  as  far  as  could  be  done  without  omitting 
any  essential  observations.  Circumstances  made  the  time  of  field  work 
extremely  limited,  and  the  detail  in  which  it  was  possible  to  examine  differ- 
ent parts  of  the  region  was  necessarily  unequal.  The  prime  object  of  the 
work  was  to  gather  all  information  which  might  have  bearing  upon  the 
origin  and  manner  of  formation  of  the  ore  deposits  of  the  Leadville  region. 
In  the  prosecution  of  this  object  much  information  of  interest  in  other  direc- 
tions has  been  collected,  and  many  lines  of  investigation  have  suggested 
themselves  which  it  would  have  been  a  pleasure  to  pursue  further  had  time 
permitted.  That  such  material  be  found  incomplete  is  to  be  attributed, 
therefore,  to  a  want  of  opportunity  rather  than  of  scientific  zeal. 

In  the  following  description  the  region  has  been  treated  in  the  general 
topographical  order  in  which  it  was  examined;  that  is,  following  the  east- 
ern slopes  of  the  range  from  the  northern  edge  of  the  map  southward  to 
Weston's  pass,  and  then  along  the  west  side  in  the  inverse  direction.  Both 
geological  and  topographical  structures  lend  themselves  to  this  method  of 
oo 
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treatment,  and  permit  four  general  divisions  of  the  area:  1.  The  northeast- 
ern, including  the  Mount  Lincoln  massive,  which,  as  shown  in  Plate  IX, 
stands  out  quite  by  itself.  2.  The  middle- eastern  region,  or  from  Buckskin 
to  Horseshoe  gulch,  inclusive.  3.  The  southern,  including  both  sides  of 
the  range  south  of  the  line  of  Horseshoe  and  Empire  gulches.  4.  The 
northwestern  division,  including  the  area  on  the  west  side  of  the  range  north 
of  the  line  of  the  Leadville  map ;  the  middle  area,  which  comes  within  the 
limits  of  this  map,  being  described  in  a  separate  chapter.  Each  of  these 
four  divisions  presents  a  general  type  of  geological  structure  peculiar  to 
itself. 

The  numbers  after  rock  descriptions  are  the  catalogue  numbers  of  the 
specimens  in  the  Leadville  collection  of  the  United  States  Geological  Sur- 
vey. 

Surface  features.—  The  whole  region  treated  of  in  this  report  may  be  divided 
as  regards  its  general  supeificial  characteristics  into  three  belts  or  zones: 
(1)  The  bare  summits  and  high  ridges  above  timber-line;  (2)  the  belt  of 
forest  growth  covering  the  mountain  slopes  below  timber-line ;  (3)  the  open 
grass-grown  and  treeless  valleys. 

The  elevation  of  timber-line  can  only  be  given  in  a  most  general  way 
as  the  average  height  at  which  tree-growth  stops  on  the  spurs  where  sur- 
face conditions  are  favorable.'  The  bare  glacial  amphitheaters  in  the  in- 
terior of  the  range  and  the  almost  perpendicular  walls  of  the  canons  present 
conditions  unfavorable  to  tree-growth  even  at  points  below  the  timber-line, 
in  spite  of  which  the  line  is  often  well  marked.  Below  an  average  elevation 
of  11,700  feet  the  flanks  of  the  mountains  are. covered  with  coniferous  trees 
of  the  more  hardy  Alpine  varieties,  such  as  the  Douglas  fir  and  Engelman 
spruce,  which  in  favorable  situations  often  form  a  dense  forest  by  no  means 
easy  to  traverse,  owing  to  the  abundance  of  dead  and  fallen  trunks,  relics 
of  former  forest  fires.  The  lower  limit  of  tree  growth  is  even  more  sharply 
defined;  not,  however,  by  its  elevation  above  sea-level,  but  by  the  change 
of  surface  slope  to  the  low  angle  which  characterizes  the  valleys.  Whether 
it  be  the  bottom  of  a  little  mountain  stream,  a  hundred  feet  wide,  or  the 
broad  expanse  of  the  South  Park,  almost  as  many  miles  in  extent,  the  down- 
ward spread  of  forest  growth  is  arrested  with  equal  suddenness,  provided 
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only  there  be  a  sufficient  thickness  of  loose  detrital  material,  whether  gravel 
or  alluvial  soil,  accumulated  over  the  hard  rock  surface.  Along  the  alluvial 
bottoms  of  the  streams,  it  is  true,  there  is  often  a  fringe  of  willow,  alder,  or 
cottonwoud ;  but  the  sturdy  pine,  although  delighting  to  face  the  mountain 
blasts  on  bare  inaccessible  precipices,  seems  afraid  t/i  trust  himself  where 
he  cannot  thrust  his  roots  down  to  a  base  of  firm  rock,  or  around  bowlders 
large  enough  to  act  as  a  counterpoise  to  the  shaft  he  exposes  to  the  force  of 
the  wind. 

The  high  mountain  region,  the  forest  region,  and  the  valley  region 
represent  fairly  three  degrees  of  comparative  difficulty  in  reading  the 
geological  story.  In  the  former,  except  where  covered  by  talus  slopes  at 
the  foot  of  great  cliffs,  the  rock  surfaces  are  all  laid  bare  and  the  geological 
structure  is  an  open  book,  only  needing  an  understanding  and  careful 
observer  to  be  read  correctly.  In  the  forest  region  there  is  more  or  less 
accumulation  of  soil  and  decaying  vegetable  matter,  and  rock  outcrops  are 
often  rare  and  widely  spaced.  The  record  has  many  gaps  which  time  and 
care  are  not  always  sufficient  to  fill  without  resorting  to  hypothesis  or 
analogy.  In  the  larger  valleys,  however,  whose  surfaces  are  covered  to 
unknown  depths  by  gravel  and  soil,  no  outcrops  are  visible,  and  induction 
or  analogy  are  the  geologist's  only  resources  for  determining  the  structure 
of  the  underlying  rock  formations. 

Glacial  formations. — In  the  Arkansas  Valley,  as  already  noted,  there  is  dis- 
tinct evidence  of  the  existence  of  a  glacial  lake,  and  the  Arkansas  Lake 
beds,  composed  of  stratified  sands,  marls,  and  conglomerates,  have  been 
actually  exposed  in  a  thickness  of  several  hundred  feet.  In  the  South  Park, 
on  the  other  hand,  no  such  stratified  deposits  have  been  observed,  nor  is  the 
topography  such  as  to  suggest  the  possibility  of  a  local  lake  of  any  great 
extent  having  been  formed  there  during  the  Glacial  period.  While  the 
existence  of  such  a  lake  in  the  South  Park  is  therefore  considered  improb- 
able, the  fact  that  the  exigencies  of  this  work  admitted  the  examination  of 
only  a  small  portion  of  its  surface,  immediately  adjoining  the  Mosquito 
Range,  does  not  justify  a  positive  statement  to  this  effect. 
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Post-Giaciai  formations. — The  Post-Glacial  deposits  of  unstratified  gravels 
are  equally  prominent,  however,  on  both  side*  of  the  range.  They  result 
in  great  part  from  the  redistribution  of  glacial  moraines  by  the  floods  which 
accompanied  the  melting  of  the  ice  at  the  close  of  the  Glacial  period.  In 
the  Arkansas  Valley  they  were  spread  out  over  the  already  existing  Lake 
beds,  and  reach  a  relatively  high  level  on  the  mountain  spurs.  In  the 
western  portion  of  the  South  Park  they  form  the  flood-plain  of  the  larger 
valleys,  which  they  filled  up  to  a  very  considerable  depth,  as  has  been 
shown  by  excavations  made  at  Alma  and  Fairplay  in  washing  them  for 
gold.  Depths  of  60  to  100  feet  have  here  been  proved  of  coarse  gravel  con- 
glomerate, entirely  without  stratification.  These  points  are  comparatively 
high  up  and  near  the  source  of  supply,  and  it  may  be  assumed  that  finer 
material  of  the  same  origin  extends  to  equal  if  not  to  greater  depths  well 
out  on  the  bottom  lands  of  the  park.  Within  these  flood-plains  the  streams 
run  in  alluvial  bottoms  which  widen  as  one  descends  and  often  open  out 
into  broad  meadows,  partially  drained  lake  basins,  where  some  natural  ob- 
stacle has  caused  a  partial  damming  up  of  the  earlier  streams.  Of  actual 
moraines  no  inconsiderable  remnants  still  remain.  They  can  be  most  clearly 
seen  along  the  steep  sides  of  the  canon  gorges  through  which  the  mountain 
streams  debouch  into  the  more  open  valleys,  where  they  often  form  gravel 
ridges  several  hundred  feet  in  height;  and  on  the  lower  spurs  beyond  these 
canons  their  existence  under  the  forest  growth  may  often  be  surmised  by 
their  characteristic  topography  of  irregular  ridges  inclosing  rounded  hollows 
without  exterior  drainage,  as  well  as  proved  by  shafts  and  tunnels  made  by 
the  misapplied  energies  of  prospectors. 

Archean  exposures. —  To  the  lithologist  no  more  favorable  opportunity  could 
be  had  for  an  exhaustive  study  of  the  older  crystalline  rocks  which  form 
the  backbone  of  the  Rocky  Mountain  system  than  that  afforded  by  the 
exposures  in  the  deep  gorges  and  glacial  amphitheaters  of  the  interior  of 
this  range.  The  scope  of  this  work  did  not  admit,  however,  of  any  such 
exhaustive  study,  which  would  have  required  much  more  time  than  could 
have  been  devoted  to  the  whole  region.  The  utmost  that  could  be  done 
was  to  grasp  the  more  salient  characteristics  of  the  series  and  to  outline  on 
the  map  such  of  the  more  important  eruptive  masses  which  intersect  them 
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as  fell  under  observation,  without  pretending  to  present  them  in  any  deter- 
mined degree  of  completen«ss.  The  special  study  of  the  Archean  rocks 
in  the  field  was  assigned  to  Assistant  Whitman  Cross,  to  whom  also  was  al- 
lotted the  duty  of  examining  them  microscopically,  and  the  greater  pail  of 
the  observations  here  recorded  are  derived  from  his  notes.  Granites  and 
gneisses  with  accessory  occurrences  of  amphibolite  constitute,  as  already 
stated  in  Chapter  III,  the  main  components  of  the  Archean  in  Mosquito 
Range.  As  seen  from  one  of  the  commanding  peaks  of  the  range  the 
most  striking  features  of  the  rocks  are  the  great  irregular  vein-like  masses 
of  white  pegmatite,  which  form  an  infinitely  intricate  network  on  a 
background  of  darker  gneiss.  When  examined  more  closely,  however, 
the  definite  outline  of  these  pegmatite  bodies  is  no  longer  so  apparent,  and 
they  are  found  to  be  intergrown  in  the  surrounding  rocks  in  a  most  intri- 
cate manner.  It  is  only  in  the  smaller  veins,  such  as  are  shown  in  Plate 
IV,  that  their  outlines  can  be  definitely  traced.  Structure  lines,  as  defined 
by  relics  of  former  stratification,  are  so  seldom  to  be  distinctly  traced  that 
no  attempt  has  been  made  to  co-ordinate  the  few  facts  observed  into  any 
general  structural  system. 

Of  eruptive  rocks  in  the  form  of  dikes  and  intrusive  masses  of  irregular 
shape  an  almost  infinite  variety,  both  in  form  and  composition,  is  found. 
The  dikes  are  generally  narrow,  being  rarely  over  50  feet  in  width,  and  of 
limited  continuous  length.  Those  shown  on  the  map  are  only  the  more 
prominent  of  those  actually  observed,  and  it  must  be  borne  in  mind  that  a 
great  portion  probably  did  not  come  under  observation  at  all. 

NORTHEASTERN    DIVISION. 

Plane  amphitheater. — Like  the  Arkansas  River,  whose  amphitheater  adjoins 
this  on  the  west,  separated  only  by  a  single  narrow,  knife-like  ridge,  the 
Platte  at  its  source  flows  first  north  and  then  bends  round  upon  itself  to 
take  its  main  course  in  a  diametrically  opposite  direction.  A  reason  for 
this  by  no  means  .uncommon  occurrence  in  the  glaciated  regions  of  the 
Rocky  Mountains  may  be  found  in  the  fact  that  on  the  northern  sides  of 
the  higher  peaks  are  the  greatest  and  most  permanent  accumulations  of 

ice,  to  whose  erosive  action,  not  yet  thoroughly  studied,  are  doubtless 
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due  the  semicircular  form  and  remarkable  verticality  of  the  upper  walls  of 
glacial  amphitheaters  or  cirques. 

The  main  area  of  the  Platte  amphitheater  lies  directly  west  of  Mount 
Lincoln,  but  a  smaller  northwest  branch  extends  back  of  North  Peak,  hold- 
ing on  its  basin-shaped  floor,  which  is  about  six  hundred  feet  higher  than 
the  other,  several  pretty  glacial  lakes  with  characteristically  emerald-tinted 
waters.  The  glacier  formed  by  the  confluence  of  the  two  immense  neVe" 
masses  that  once  filled  these  amphitheaters,  which  must  have  been  about  two 
thousand  feet  thick,  flowed  directly  east,  carving  out  a  straight  U-shaped 
valley  in  the  crystalline  rocks,  whose  general  form  remains  essentially 
unchanged  to  the  present  day. 

On  the  upturned  sedimentary  beds  which  rest  upon  the  Archean,  how- 
ever, later  erosion  has  acted  more  rapidly  and  irregularly,  and  at  the  little 
town  of  Montgomery  the  valley  suddenly  widens  out  into  a  broad,  grassy 
bottom-land,  with  forest-covered  hills  sloping  away  more  gently  on  either 
side.  Immediately  above  Montgomery,  as  shown  in  Plate  IX,1  the  present 
stream  bends  a  little  southward  around  a  boss  of  Archean,  composed  chiefly 
of  gneiss  and  amphibolite,  penetrated  by  a  fine-grained  white  granite,  in 
which  reticulated  veins  of  white  pegmatite  stand  out  prominently.  In  the 
bottom  of  the  valley,  above  this  boss  for  a  mile  or  more,  extend  glacier- 
worn  hillocks  (roches  moutonne"es)  of  typical  form,  evenly  rounded  and 
scored  by  very  distinctly-marked  grooves  and  striae  on  the  upper  side,  but 
breaking  off  unevenly  on  the  lower  side  toward  the  stream.  On  either 
side  of  the  gorge,  above  the  talus  slopes  of  broken  rock  masses  at  their  foot, 
steep  walls  of  Archean  rocks  rise  about  two  thousand  feet,  with  a  thin 
capping  of  nearly  horizontal  Paleozoic  strata  at  the  very  summit.  The 
structure  planes  of  the  Archean,  which  are  unusually  distinct  in  the  Platte 
gorge,  stand  nearly  vertical,  with  a  strike  south- southeast. 

The  eastern  portion  of  the  Archean  mass  seems  mainly  composed  of 
gneiss  and  crystalline  schists,  granite  occurring  only  in  subordinate  masses. 
The  granite  near  Montgomery  is  of  the  gray,  fine-grained  type,  suggestive 

'In  this  and  the  succeeding  diagrammatic  sketches,  which  are  intended  mainly  to  illustrate  the 
geology  of  the  various  exposures  shown,  the  letters  on  the  outcrops  are  the  same  that  are  used  on  the 
geological  maps  to  designate  the  different  rock  formations,  i.  e.,  a  =  Archean,  1>  =  Cambrian,  c  =  Silu- 
rian, etc. 
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rather  of  an  eruptive  origin,  and  contains  relatively  more  mica  and  quartz 
than  that  found  in  Buckskin  gulch.  The  gneiss  is  of  the  normal  gray  type, 
generally  rich  in  quartz  and  biotite.  Its  feldspar  occurs  often  in  large 
Carlsbad  twins.  The  microscope  detects  plagioclase,  microcline,  and  mus- 
covite ;  also,  abundant  fluid  inclusions  in  the  quartz,  sometimes  double  and 
with  salt  cubes  and  moving  bubbles.  A  schist  found  locally  on  the  northern 
face  of  Mount  Lincoln  is  of  dark-green  color  and  contains  only  biotite, 
muscovite,  and  tourmaline,  with  a  little  feldspar,  which  is  scarcely  visible, 
even  under  the  microscope,  and  then  appears  in  a  stage  of  alteration  into 
muscovite.  The  white  pegmatite  masses  are  specially  prominent,  as  al- 
ready mentioned,  on  the  faces  of  the  spurs  on  either  side  of  the  gorge  at 
Montgomery.  Their  color  is  due  to  the  large  proportion  of  white  ortho- 
clase  feldspar,  which  in  the  mass  gives  its  tone  to  the  quartz  also,  while  the 
mica,  generally  muscovite,  occurs  in  bunches  of  subordinate  importance, 
growing  between  the  crystals  of  the  other  constituents. 

The  more  prominent  eruptive  masses  observed  and  which  are  indicated 
on  the  map  are : 

1.  Half  a  mile  above  Montgomery  a  dike  of  porphyry  crosses  the 
valley  at  right  angles  and  can  be  traced  for  a  considerable  distance  up  either 
wall.     It  is  a  light-colored,  felsitic-looking  rock,  in  which  only  very  small 
quartz  grains  and  biotite  leaves  can  be  detected  by  the  naked  eye.     It  most 
nearly  approaches  the  Mount  Zion,  or  fresh  variety  of  White  Porphyry, 
and  has  a  holocrystalliue  structure  as  seen  under  the  microscope. 

2.  A  mile  above  Montgomery  is  a  wider  dike  of   light-gray  quartz- 
porphyry,  whose  distinguishing  peculiarity  lies    in  brilliant-green  grains 
of  epidote,  which  are  scattered  uniformly  through  the  rock  and  which  are, 
in  part  certainly,  the  result  of  the  decomposition  of  biotite.     Its  ground- 
mass  is  also  microcrystalline. 

3.  A  third  dike  is  particularly  noticeable  for  its  peculiar  form,  changing 
half  way  up  the  cliff  from  a  vertical  to  a  horizontal  sheet.     This  change  of 
form  is  not  unusual  in  dikes  which  extend  up  into  the  Paleozoic  or  regularly 
bedded  rocks  ;  but  this  is  the  only  instance  in  which  it  has  been  observed  in 
the  Archean.     The  rock  belongs  to  the  Mosquito  Porphyry  type,  and  is 
identical  with  that  found  (type  No.  2)  on  the  south  face  of  Mount  Lin- 
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coin  and  at  the  head  of  the  Cameron  amphitheater.  It  is  a  light-gray,  fine- 
grained rock,  consisting  of  quartz,  feldspar,  and  biotite  crystals  in  a  very 
scanty  groundmass.  The  groundmass  is  a  fine-grained  mosaic  of  quartz, 
with  some  feldspar  and  muscovite,  the  latter  resulting  from  decomposition 
of  feldspar  and  probably  in  part  also  from  fine  biotite  leaves,  since  this  al- 
teration is  visible  in  the  larger  individuals. 

4.  Just  west  of  this  is  a  very  irregular  body  of  quartz-porphyry,  not 
shown  on  the  map.     It  occurs  at  the  base  of  the  cliffs  and  is  very  variable 
in  form  and  thickness,  branching  out  irregularly  and  continually  changing 
its  direction.     It  is  a  dull-green  rock  and  belongs  to  the  Green  Porphyry 
type.     It  is  rich  in  feldspar,  with  a  few  grains  of  quartz,  and  what  is  prob- 
ably a  decomposition  product  of  hornblende  which  gives  the  color  to  the 
rock.     On  the  cleavage-planes  are  coatings  of  epidote. 

5.  Still  further  up  the  valley,  directly  under  the  summit  of  Mount  Lin- 
coln, is  a  dike  of  White  Porphyry  extending  high  up  on  the  face   of  the 
cliff.     It  resembles  closely  the  typical  White  or  Leadville  Porphyry,  but  is 
less  decomposed.     A  few  small  crystals  of  quartz  and  feldspar  are  visible, 
also  frequent  light-green  specks  of  partly  decomposed  biotite.     It  is  almost 
identical  with  the  similarly  situated  dike  (dike  No.  1)  in  Cameron  amphi- 
theater, on  the  south  face  of  Mount  Lincoln,  and  with  fragments  found  at 
the  head  of  Buckskin  amphitheater,  for  which  this  description  will  also 
apply.     Its  outer  weathered  surface  is  very  white  and  homogeneous-looking; 
immediately  under  this  is  a  dark  zone,  less  than  an  inch  in  thickness,  which 
apparently  owes  its  color  to  the  oxidation  of  some  heavy  metal  originally 
contained  in  ore  particles  or  in  the  biotite.      It  was  impossible  to  obtain 
sufficient  biotite  for  a  chemical  test  to  prove  this  assumption,  which  is 
founded  on  indications  observed  by  the  microscope.     In  the  Cameron  rock 
small  crystals  of  pyrite  could  be  detected,  and  in  that  from  Buckskin  a 
little  galena  also,  whose  decomposition  would  more  directly  account  for  the 
dirty-brown  color  alluded  to. 

On  the  raised  floor  of  the  northwestern  arm  of  the  Platte  amphitheater 
granite  predominates  among  the  Archean  rocks.  It  is  of  the  same  variety 
as  that  found  directly  west  in  Bartlett  Mountain  and  Clinton  amphitheater, 
and  has  large  and  prominent  crystals  of  feldspar  disposed  in  regular  order 
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throughout  the  mass.  The  associated  gneiss  also  contains  large  orV.ioclase 
crystals,  often  two  inches  in  length  and  usually  Carlsbad  twins.  On  the 
surface  of  this  floor  was  observed  an  interrupted  dike  of  hornblende-por- 
phyrite,  which  is  figured  on  the  map  ;  also,  small  outcrops  of  other  eruptive 
rocks,  notably  one  of  White  Porphyry,  whose  outlines  were  not  determined 
with  sufficient  accuracy  to  be  there  indicated.  On  the  west  wall  of  this 
amphitheater  appears  a  dark  line,  which  may  probably  be  part  of  the  same 
dike  of  porphyrite  as  is  shown  on  the  map  to  extend  almost  continuously 
along  the  west  wall  of  the  Arkansas  amphitheater.  Owing  to  their  darker 
color  and  peculiar  fracture  in  large  masses,  which  is  like  that  of  a  basalt  or 
andesite,  the  porphyrite  bodies  can  readily  be  distinguished  at  a  consider- 
able distance. 

The  North  Peak  ridge,  which  forms  the  northern  wall  of  the  Platte 
gorge,  being  lower  than  the  corresponding  spurs  to  the  north  and  south, 
respectively,  is  composed  almost  entirely  of  Archean  rocks,  a  proportion- 
ately smaller  capping  of  Paleozoic  strata  being  left  on  its  crest.  The  actual 
outline  of  the  remnant  of  Cambrian  quartzite  remaining  on  the  ridge  could 
only  be  determined  with  exactness  by  the  expenditure  of  more  time  than  it 
was  possible  t  j  devote  to  this  point,  and  the  line  given  on  the  map  is  that 
determined  by  observation  of  the  apparent  stratification  lines  from  Mount 
Lincoln. 

Quandary  Peak. — On  the  Quandary  Peak  ridge,  which  lies  just  north  of 
thelimits  of  the  map,  it  is  easily  seen  from  a  distance  that  a  remnant  of 
Lower  Quartzite  is  left  at  the  very  summit  of  the  peak,  as  shown  in  the 
sketch  given  in  Plate  X,  which  is  taken  from  the  summit  of  Mount  Lincoln. 
The  angle  of  inclination  of  these  beds,  which  is  15°,  is  less  than  that  of  a  por- 
tion of  the  ridge,  in  consequence  of  which  they  have  been  eroded  off  the  saddle 
immediately  east  of  the  peak,  and  are  found  again  lower  down  on  the  spur. 
At  the  timber-line,  which  reaches  only  the  eastern  end  of  this  spur,  the  dip 
steepens  to  25°.  This  line  of  steepened  dip  can  be  traced  on  all  the  prin- 
cipal eastern  spurs  of  the  range  and  corresponds  very  nearly  with  the  mouth 
of  the  cafion  gorges  which  have  been  cut  in  the  Archean.  It  is  often  accom- 
panied by  some  apparent  dislocation  of  the  strata,  the  amount  of  which, 
owing  to  discordant  dip  angles,  it  was  not  easy  to  determine.  For  pros- 
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pectors  this  line  seems  to  have  had  especial  attraction,  and  not  without 
reason,  since  along  it  are  the  best  exposures  of  the  lower  Paleozoic  rocks, 
in  which  on  this  side  of  the  range  there  has  been  a  considerable  concentra- 
tion of  ore. 

The  sketch  given  in  Plate  X  is  a  view  of  the  region  adjoining  the  upper 
Blue  River  Valley,  as  seen  from  Mount  Lincoln.  To  the  left  or  west  of 
this  valley  the  hills  are  almost  entirely  Archean,  with  a  few  later  sediment- 
ary beds  resting  against  their  eastern  spurs.  On  Quandary  Peak  alone  do 
they  still  extend  up  to  the  very  summit.  On  the  east  of  the  valley  are  the 
hills  surrounding  the  town  of  Breckinridge,  made  up  of  Mesozoic  beds  and 
numerous  porphyry  sheets,  in  which  valuable  ore  deposits  have  been  dis- 
covered and  from  the  debris  of  which  rich  gold  placers  have  been  accumu- 
lated in  the  valleys. 

The  Quandary  Peak  ridge  is  here  described,  although  it  does  not  come 
within  the  limits  of  the  map,  since  it  was  the  only  point  at  which  the  search 
for  fossils  in  the  Cambrian  quartzite  was  successful.  On  its  eastern  end,  a 
short  distance  above  timber-line  and  perhaps  half  a  mile  above  the  Monte 
Cristo  mine,  about  fifteen  feet  of -greenish  argillaceous  slates,  belonging  to 
the  upper  part  of  this  formation,  are  exposed  by  a  prospector's  tunnel  which 
was  run  in  on  the  north  face  of  the  spur.  From  these  shales,  after  a  dili- 
gent search,  good  impressions  of  the  Potsdam  species  Dicellocephalus  were 
obtained.  Unfortunately  the  ground  is  too  much  covered  by.  soil  and  forest 
to  afford  a  continuous  section ;  but,  unless  a  fault  intervenes,  this  shale  bed 
should  be  below  the  quartzite  and  limestone  in  which  the  Monte  Cristo 
deposit  occurs,  and  not  many  feet  from  it.  Lithologically  it  resembles  the 
greenish  shale  beds  observed  in  very  many  points  throughout  the  region 
below  the  calcareous  shales  and  sandy  limestones  of  the  upper  portion  of  the 
Lower  Quartzite  series,  but  nowhere  were  any  further  traces  of  these  fossils 
found. 

The  exposures  of  the  Cambrian  or  Lower  Quartzite  formation  are  never- 
theless those  of  the  Paleozoic  series  which  can  be  most  clearly  and  con- 
tinuously traced,  as  they  slope  up  in  a  U-shaped  curve  on  either  side  of  the 
valleys  below  the  canon  gorges  of  this  portion  of  the  range.  In  general 
the  outcrops  in  the  valley  bottoms  and  along  the  lower  slopes  are  concealed 
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by  surface  accumulations,  either  talus  slopes  or  alluvial  soil.  In  the  rela- 
tively wider  valley  of  the  Platte,  however,  about  half  a  mile  below  the  town 
of  Montgomery,  a  moraine  ridge  which  crosses  the  valley  once  dammed  up 
a  shallow  lake  basin,  now  a  bit  of  meadow-land ;  the  present  stream,  which 
drains  this  basin,  exposes  as  it  cuts  through  this  ridge  the  quartzites  and 
shales  of  the  Lower  Quartzite  formation  and  a  considerable  portion  of  the 
overlying  White  Limestone,  striking  N.  15°  E.  and  dipping  20°  to  the  east. 

Hoosier  pass  ridge. — On  the  slopes  of  the  Hoosier  pass  ridge,  just  above 
Montgomery,  about  one  hundred  feet  of  the  Lower  Quartzite  are  again  ex- 
posed in  section,  with  two  parallel  intrusive  sheets  of  porphyrite,  the  one  10, 
the  other  40  feet  thick;  the  whole'dipping  25°  to  30°  east,  with  a  strike  to 
the  west  of  north.  This  rock  is  the  mica  variety,  having  for  its  chief  con- 
stituents a  white  plagioclase  feldspar,  with  a  much  altered  biotite  and  a  few 
scattering  quartz  grains,  in  a  dull-green  groundnaass. 

The  general  line  of  contact  of  the  Cambrian  is  traceable  along  the 
slope  towards  the  crest  of  the  North  Peak  ridge,  but  distinct  outcrops  are 
first  found  again  at  the  saddle  between  Montgomery  and  the  Blue  River, 
over  which  a  horse-trail  leads.  This  saddle  marks  the  outcrops  of  the  Blue 
Limestone,  which  consist  of  a  dark  iron-stained  dolomite,  weathering  black 
and  carrying  thin  seams  of  barite.  On  the  east  of  the  saddle  its  limits  are 
somewhat  loosely  defined  by  outcrops  of  blue  shales,  carrying  casts  of 
Zaphrentis  and  corals,  which  form  a  little  knoll  on  the  ridge,  and  may  be 
assumed  to  belong  to  the  shale  member  of  the  Weber  series.  On  the  west 
of  the  saddle,  outcrops  of  the  Blue  and  White  Limestones  extend  to  the 
steeper  slopes  of  the  North  Peak  ridge,  where  their  limits  are  defined  by  a 
bed  of  green,  fine-grained,  silicious  shale,  impregnated  with  cubes  of  pyrite 
which  at  times  forms  beds  a  foot  in  thickness.  Only  the  Lower  Quartzite 
beds  extend  west  of  this  on  to  the  higher  portion  of  the  ridge.  The  work- 
ings of  the  now  abandoned  North  Star  mine  on  the  first  shoulder  of  the 
ridge  have,  as  shown  by  the  dump,  passed  through  this  quartzite  into  the 
schists  of  the  Archean. 

On  the  northeast  face  of  the  ridge,  overlooking  the  valley  of  the  west 
fork  of  Blue  River,  is  a  small  amphitheater  with  a  little  lake  in  its  basin, 
which  the  topography  of  the  map  shews  but  imperfectly.  It  is  entirely  in 
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the  Archean,  with  the  exception  of  a  thin  rim  of  Cambrian  quartzite  around 
its  upper  walls,  and  was  probably  carved  out  by  a  tributary  of  the  main 
Blue  River  glacier,  which  descended  the  gorge  from  the  back  of  Quandary 
Peak. 

A  section  was  made  from  this  saddle  eastward  across  Hoosier  pass 
to  Hoosier  Ridge,  which  connects  the  Silverheels  massive  with  the  group 
of  hills  to  the  north  that  constitute  the  eastern  boundary  of  the  Blue  River 
Valley.  This  ridge  also  forms  the  divide  between  the  waters  of  the  Blue 
and  Upper  Platte  Rivers  and  those  of  Tarryall  Creek. 

No  satisfactory  measurements  could  be  obtained  of  the  thickness  of 
the  members  of  the  Carboniferous  group  above  the  Blue  Limestone,  as  was 
hoped :  first,  because  the  line  followed  did  not  cross  the  strata  at  right 
angles,  but  at  times  almost  followe  d  the  strike ;  secondly,  because  of  the 
great  number  of  beds  of  porphyry  included  in  the  section,  whose  thick- 
ness could  not  be  determined ;  and,  thirdly,  because  of  the  evidence  of  a 
syncline  on  Hoosier  pass  itself.  Nevertheless,  the  data  obtained  are  given 
here  somewhat  in  detail,  as  it  was  one  of  the  few  opportunities  offered  during 
the  investigation  to  follow  continuously  the  ascending  series  of  beds  from 
the  Blue  Limestone  up  to  the  assumed  top  of  the  Carboniferous  formation. 

From  the  saddle  eastward  to  the  grass-covered  summit  of  the  pass  the 
outcrops  may  be  assumed  to  indicate  a  thickness  of  about  two  thousand 
feet  of  beds.  In  this  are  included  those  of  two  prominent  sheets  of  porphyry, 
which  are  apparently  interbedded.  On  the  first  hill  east  of  the  saddle  is  an 
outcrop  of  shales,  containing  indistinct  casts  of  fossils,  apparently  Zaphrentis 
and  corals,  which  probably  form  part  of  the  Weber  Shales.  The  other 
outcrops  are  of  the  characteristic  gritty  rocks  of  this  series  (either  micaceous, 
quartzose  schists  or  coarse  white  sandstone,  rich  in  muscovite  and  often 
-  passing  into  conglomerate)  and  one  bed  of  black  argillaceous  shale,  which  all 
show  a  conformable  dip  to  the  east  and  north.  The  grass-grown  glades 
which  form  the  summit  of  the  pass  leave  a  gap 'about  half  a  mile  without 
outcrops.  Towards  the  eastern  side,  and  overlooking  the  head  of  Blue 
River,  a  prospect  shaft  on  the  Ready-Pay  claim  has  cut  a  body  of  light- 
gray  limestone,  which  is  probably  one  of  the  thin  beds  of  limestone  found 
in  the  middle  of  the  Weber  Grits  series.  This  limestone,  as  well  as  an 
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outcrop  of  coarse  white  sandstone  a  little  east  of  the  shaft,  has  a  dip  of  30° 
to  the  westward,  with  a  strike  of  about  N.  25°  W.  On  the  slope  of  the 
pass  towards  the  Platte  Valley  the  Dead-Broke  tunnel  discloses  what  is 
probably  the  same  bed  of  limestone,  with  sandstones  dipping  in  the  same 
direction.  A  body  of  light-colored  mica- porphy rite  is  also  cut  in  the  end 
of  the  tunnel. 

The  existence  of  a  synclinal  fold,  as  proved  by  these  western  dips,  is  in 
complete  accord  with  the  evidence,  obtained  farther  south  along  the  flanks 
of  the  ridge,  of  a  secondary  roll  or  minor  fold  in  the  strata  parallel  to  the 
great  fold  of  the  center  of  the  range,  and  explains  the  great  thickness  of 
exposures  of  Weber  Grits  beds.  That  the  fold  may  have  been  accompanied 
by  faulting  is  possible,  but,  as  already  stated,  no  direct  evidence  of  a  fault 
was  found.  Perhaps,  had  time  permitted,  a  careful  exploration  of  the  ravine 

.  at  the  head  of  the  Blue  River  and  on  the  west  face  of  Hoosier  ridge  might  have 
afforded  more  definite  proof.  As  it  is,  the  geological  outlines  given  on  the 
map  are  generalized  from  observations  made  on  the  spur  connecting  it  with 
Hoosier  pass.  The  results  of  these  observations  are  graphically  shown  in 
section  A  A,  Atlas  Sheet  VIII,  for  the  eastern  end  of  which,  beyond  the 
Platte  Valley,  they  furnished  the  data.  The  largest  body  of  porphyry 
there  shown,  which  forms  the  shoulder  of  the  spur  above  Hoosier  pass  to 
the  east,  consists  of  typical  Lincoln  Porphyry  (54).  It  contains  the  usual 
large  pinkish  crystals  of  feldspar,  which  in  this  rock,  however,  seem  excep- 
tionally susceptible  to  alteration  and,  instead  of  being  fresh  and  rather 
glassy  in  appearance,  are  opaque  and  often  quite  kaolinized.  The  micro- 
scope shows  rather  more  plagioclase  than  in  the  type  rock,  which  may  be 
accidental.  The  quartz  occurs  in  small,  double-pointed,  hexagonal  pyramids 
showing  also  the  development  of  the  prism  ;  and  on  the  crest  of  the  spur, 
where,  owing  to  the  gentle  slope  and  accumulation  of  soil,  decomposition 
seems  to  have  gone  on  most  freely,  the  rock  surface  is  covered  with  a  coarse 
sand  made  up  almost  entirely  of  such  quartz  crystals,  often  with  well 
defined  angles  and  facets. 

The  steep  north  slope  of  the  spur,  facing  the  basin-shaped  head  of 
an  eastern  tributary  of    the  Platte,  shows  a  cliff  wall  of  this  rock    with 

characteristic  cross-jointings  and  vertical  cleavage,  almost  amounting  to  a 
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columnar  structure.  The  thickness  of  the  body  can  be  hardly  less  than 
five  hundred  feet,  as  roughly  determined  from  the  widrii  of  the  outcrop  on 
the  spur.  That  it  forms  so  regular  a  sheet  as  shown  in  the  section  is  an 
assumption  based  only  on  analogy  from  other  sheets  of  porphyry  observed 
in  the  Silverheels  massive  It  apparently  has  its  greatest  thickness  at  this 
point,  and  thins  out  to  the  south  and  east,  and  in  this  respect  has  something 
of  the  laccolite  form;  but  there  is  no  evidence  of  any  sudden  steepening  in 
the  dip  of  the  adjoining  strata.  On  the  contrary,  the  sandstone  beds  imme- 
diately overlying  it,  as  shown  in  the  outcrops  on  the  crest  of  the  ridge,  have 
a  regular  dip  eastward  of  about  10°.  Only  a  few  hundred  feet  of  sand- 
-  stones  and  sandy  shales  separate  this  from  the  next  succeeding  sheet  of  por-" 
phyry,  which  forms  the  cap  of  the  first  prominent  shoulder  about  twelve 
hundred  feet  above  the  pass.  This  is  a  blue-gray  rock,  weathering  yellow, 
of  quite  distinct  habit,  having  a  conchoidal  fracture  and  a  tendency  to 
weather  into  sherdy  fragments.  It  approaches  the  normal  Silverheels  Por- 
phyry, although  coarser  grained,  showing  few  distinct  crystalline  ingre- 
dients when  freshly  fractured.  On  its  weathered  surface,  however,  fine 
needles  of  hornblende  are  easily  distinguishable. 

Beyond  another  body  of  sandstone  and  shales,  and  a  similar  though 
not  identical  body  of  porphyry  which  caps  a  second  shoulder,  a  body  of 
argillaceous  shales  of  green,  red,  and  purple  colors  marks  what  is  assumed 
as  the  base  of  the  upper  division  of  the  Carboniferous  group.  From  these 
to  the  main  crest  of  Hoosier  ridge  are  several  outcrops  of  porphyry  sheets 
and  intervening  gaps  of  shaly  rocks ;  among  which  a  bed  of  dark-blue 
limestone,  about  a  hundred  feet  in  thickness,  stands  out  prominently  on  ac- 
count of  its  black  weathered  surface,  opposite  the  head  of  the  north  fork 
of  Beaver  Creek.  From  this  were  obtained  the  following  Coal  Measure 
fossils : 

Athyris  subtilita.  Bellerophon,  (sp.  1). 

Productus  cora.  FenesteUa,  (sp.  ?). 

Pleurolomaria,  (P.  Valvatiformis  f).  And  spines  of  an  Archceoccidaris. 
Loxomena,  (sp.  t). 

On  the  crest  of  Hoosier  ridge  are  the  reddish  sandstones  which  form 
the  passage  from  the  Upper  Carboniferous  formation  into  the  overlying 
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Trias,  dipping  15°  to  20°  east  and  north.  Two  other  beds  of  limestone  at 
least  are  found  in  this  formation,  on  the  same  line  of  strike  southward  along 
the  western  face  of  Silverheels  and  in  the  valley  of  Beaver  Creek,  and  they 
may  occur  here  in  some  of  the  numerous  covered  gaps  in  the  section. 

Silverheels  Massive. — In  order  to  complete  the  somewhat  meager  data 
obtained  upon  the  upper  member  of  the  Carboniferous  group  on  this 
side  of  the  range,  the  observations  made  in  the  region  west  of  the  Platte 
Valley  will  be  next  recorded,  comprising  in  this  the  eastern  portion  of 
Mount  Silverheels  and  Beaver  Ridge,  with  the  included  valley  of  Beaver 
Creek. 

In  a  general  way  the  eastern  half  of  Mount  Silverheels  may  be  said 
to  be  Mesozoic,  in  great  part  probably  Triassic,  while  its  western  face  be- 
longs to  the  Upper  Coal  Measures,  and  Beaver  ridge  to  the  Weber  Grits. 
The  included  porphyry  sheets  in  the  former  rocks  have  a  more  recent  and 
trachytic  appearance,  like  that  found  at  the  forks  of  Crooked  Creek ;  those 
in  the  second  group  being  rather  of  the  Silverheels  type,  and  those  in  the 
Weber  Grits  either  identical  with  or  similar  to  the  Lincoln  Porphyry.     The 
number  of  these    porphyry  sheets   is  probably  very  much  greater  than 
is  shown  on  the  map,  which  represents  a  generalized  outline  of  the  more 
important  bodies,  deduced  from  observation  made  along  three  transverse 
lines  only  in  the  area  represented  east  of  the  Platte ;  while  in  that  portion 
of  the  mountain  which  lies  east  of  the  boundary  of  the  map  the  porphyry 
bodies  are,  if  anything,  still  more  numerous.     The  swelling  out  of  the  strata, 
produced  by  the  intrusion  of  such  considerable  masses  of  eruptive  rock,  is 
readily  shown  by  the  variations  in  the  strike  and  dip.     The  steep  north  wall 
of  Silverheels,  as  seen  from  the  summit  of  Hoosier  pass  for  instance,  shows 
a  fan-like  arrangement  of  the  easterly-dipping  strata,  which  open  out  as  it 
were  to  the  west.     In  other  words,  the  section  shows  strata  on  the  west  foot 
of  the  mountain,  towards  Beaver  Creek  Valley,  dipping  only  10°  east;  at 
the  summit  of  the  peak  the  dip  has  increased  to  17°,  while  at  the  eastern 
extremity  it  is  22°,  25°,  and  even  35°.     The  divergence  in  strike  produced 
by  the  bowing-out  of  the  strata  is  less  evident  on  the  map,  owing  to  the 
fact  that  at  the  point  of  greatest  divergence  the  great  elevation  of  Silver- 
heels  above  the  surrounding  valleys  brings  the  outcrops,  as  projected  on  a; 
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map,  so  much  farther  west.  A  rough  calculation  of  the  difference  in  thick- 
ness of  given  east  and  west  sections,  taking  the  one  on  a  line  passing 
through  Fairplay,  the  other  through  the  summit  of  Silverheels,  would  give 
an  increase  in  thickness  in  the  latter  case  of  3,000  feet,  which  may  be 
assumed  as  the  aggregate  mass  of  the  intruded  porphyry  bodies  at  the  latter 
point,  since  on  the  line  through  Fairplay  they  have  very  largely  disappeared 
by  thinning  out. 

On  a  line  eastward  from  Platte  Valley  to  the  summit  of  Silverheels  the 
succession  of  rocks  is  as  follows :  Beaver  Ridge,  immediately  adjoining  the 
Platte  Valley,  whose  steep  slopes  are  covered  with  a  thick  forest  growth 
which  impedes  observation,  consists  of  the  coarse  grits  of  the  Weber  for- 
mation, with  two  principal  and  probably  some  minor  bodies  of  Lincoln 
Porphyry.  The  valley  of  Beaver  Creek,  a  straight  depression  in  the  line 
of  strike,  is  apparently  cut  out  of  the  softer  shaly  members  at  the  top  of 
this  formation.  From  its  bottom  up  the  steep  face  of  Silverheels  are  many 
porphyry  bodies,  whose  de"bris  often  so  obscures  the  outcrops  that  no  con- 
tinuous section  can  be  obtained.  In  this  extent  five  sheets  of  porphyry  and 
one  bed  of  gray  limestone  were  observed ;  these  alternate  with  shales  and 
micaceous  sandstones,  which  pass  at  the  summit  of  the  peak  into  conglom- 
erates. A  considerable  number  of  these  conglomerates  outcrop  on  the 
ridge  running  eastward  from  the  summit,  alternating  with  purple  and 
green  shales  and  with  sheets  of  porphyry,  of  which  no  less  than  eight  were 
counted.  The  conglomerates  contain  an  unusual  number  of  rounded  and 
sub-angular  fragments  of  the  more  resisting  Archean  rocks,  together  with 
the  rounded  pebbles  of  pinkish  milky  quartz  which  are  common  in  all  the 
sandstones  of  a  coarser  nature.  Beyond  them  the  brick-red  sandstones  of 
the  Trias  become  the  prevailing  rock,  their  dip  steepening  on  the  east  slope 
to  25°  and  35°.  Along  the  west  face  of  Silverheels  the  porphyry  beds, 
which  resist  better  the  action  of  abrasion,  can  be  traced  in  curving  contours 
along  the  slopes,  capping  the  more  prominent  shoulders  of  the  spurs  and 
disappearing  from  sight  in  the  forests  which  clothe  the  lower  spurs  to  .the 
south. 

The  type  of  the  Silverheels  porphyry  (89),  which  is  found  at  the  sum- 
mit, is  a  fine-grained  rock  of  slightly  greenish-gray  color,  having  a  con- 
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choidal  fracture,  a  sherdy  habit,  and  a  clear  ring  under  the  hammer.  It  is 
composed  of  feldspar,  hornblende,  and  biotite,  with  a  little  quartz,  and  con- 
tains from  60  to  63  per  cent,  of  silica.  To  the  naked  eye  no  groundmass 
is  visible,  although  the  crystalline  ingredients  are  so  minute  (being  gener- 
ally less  than  lmm  in  size)  that  they  cannot  readily  be  recognized.  A  com- 
mon variety  (90)  among  the  lower  beds  on  the  west  and  north  is  of  coarser 
grain  and  more  decidedly  green  color,  due  doubtless  to  the  presence  of 
chlorite. 

The  most  southern  of  the  three  transverse  lines  above  mentioned  runs 
eastward  from  a  little  south  of  Alma,  crosses  several  low  forest-covered 
ridges  separated  by  small  valleys,  and  shows  only  detached  outcrops  sep- 
arated by  frequent  covered  gaps.  In  this  section  only  one  body  of  por- 
phyry and  three  distinct  horizons  of  dolomitic  limestone  were  found.  The 
beds,  moreover,  have  a  strike  somewhat  east  of  north  and  a  dip  of  25°  or 
more  to  the  eastward,  instead  of  a  strike  to  the  west  of  north  and  dips  of  10° 
to  15°,  which  prevail  opposite  the  summit  of  Silverheels.  The  low  ridge 
bordering  the  Platte  Valley  is  covered  on  the  west  side  nearly  to  its  sum- 
mit by  the  lateral  moraine  of  the  Platte  glacier,  which  must  therefore  at 
one  time  have  filled  the  valley  to  a  level  about  400  feet  above  its  present 
bottom.  Lincoln  Porphyry,  a  continuation  of  one  of  the  bodies  seen  in 
Beaver  Ridge  to  the  north,  is  disclosed  by  prospect  holes.  Various  deep- 
red  sandstones  are  crossed,  alternating  with  limestone  and  shales,  but  the 
characteristic  brick  red  of  the  Trias  is  first  found  at 'Crooked  Creek,  to  the 
east  of  Fairplay,  in  the  forks  of  which  is  another  important  sheet  of  por- 
phyry, probably  the  porphyritic  trachyte  of  the  Hayden  map.  This  is  in- 
teresting as  being  different  in  appearance  from  any  of  the  other  porphyries 
observed  in  the  region  and  resembling  that  found  in  a  railroad  cut  through 
a  Cretaceous  ridge  near  Como.  Nevertheless  it  does  not  possess  the  char- 
acteristics of  a  Tertiary  rock,  unless  a  slightly  rough  feel  may  be  consid- 
ered such.  It  is  of  light-gray  color  and  contains  abundant  porphyritically 
disseminated  crystals,  mostly  of  white  opaque  feldspar,  in  a  subordinated 
groundmass.  Two  feldspars,  hornblende,  altered  biotite,  and  quartz  in  large 
but  infrequent  grains  form  its  macroscopical  constituents.  Microscopically 
the  groundmass  is  seen  to  be  evenly  granular  and  the  rock  to  be  simply  a 
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porphyritic  or  coarser-grained  modification  of  the  Silverheels  type,  with  no 
glass  inclusions  or  other  characteristics  of  Tertiary  \olcanics 

Lincoln  Massive. — The  Mount  Lincoln  massive,  as  is  shown  on  the  map  and 
as  may  be  seen  in  the  sketch  given  in  Plate  IX  (page  95),  is  divided  by  a  deep 
glacial  gorge,  heading  at  the  base  of  Mount  Cameron,  into  two  mountain 
masses :  that  of  Mount  Lincoln  on  the  north  and  that  of  Mount  Bross  on 
the  south.  On  the  east  face  of  either  of  these  mountains  are  two  smaller 
glacial  amphitheaters,  to  which  the  names  of  their  respective  peaks  have 
been  given.  The  beds  of  each  of  these  three  gorges  stand  at  a  much  higher 
level  than  the  adjoining  beds  of  the  Platte  and  Buckskin  gulches;  and,  if 
the  glaciers  which  once  filled  them  were  ever  directly  connected  with  the 
main  Platte  glacier,  later  erosion  has  removed  evidences  of  this  fact.  At 
all  events,  it  is  apparent  that  after  the  Glacial  epoch,  when  the  ice  was 
gradually  receding,  these  were  separate  glaciers  or  neVe"  fields.  This  fact 
is  more  particularly  manifest  in  the  Lincoln  amphitheater,  in  the  middle 
of  which  stands  a  moraine  ridge,  outlined  in  the  sketch  above  mentioned, 
•which  ends  abruptly  at  the  lower  end  of  the  amphitheater,  about  700  feet 
above  the  level  of  Platte  Valley.  These  amphitheaters  have  more  signifi- 
cance geologically  than  their  topographical  importance  would  indicate, 
inasmuch  as  erosion,  having  once  cut  through  the  overlying  and  more 
resisting  mantle  of  sedimentary  beds,  has  carved  deeply  into  the  underly- 
ing Archean,  leaving  characteristic  semicircular  walls  at  their  he.ads^  which 
afford  most  useful  sections  for  studying  the  interior  structure  of  the  mount- 
ain mass. 

Mount  Lincoln  itself  has  three  spurs  stretching  out  to  the  eastward:  a 
northeastern,  an  eastern,  and  a  southeastern.  Lincoln  amphitheater  is 
included  between  the  two  first.  The  surface  of  these  spurs  is  covered  by 
beds  of  the  Paleozoic  system,  dipping  eastward  at  an  angle  of  10°  to  15°. 
This  is  the  average  inclination  of  the  beds  over  the  main  portion  of  the 
mountain  mass;  but,  as  already  mentioned  in  the  case  of  Quandary  Peak, 
the  dip  becomes  steeper  on  the  extreme  eastern  flanks.  In  general,  how- 
ever, the  slope  of  the  spurs  themselves  steepens  for  a  short  distance  more 
rapidly  than  the  dip,  in  consequence  of  which  there  is  a  belt  of  lower  beds 
exposed  along  the  foot  of  the  steeper  slopes. 
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The  eastern  spur  of  Lincoln,  a  narrow  straight  ridge,  being  relatively 
much  lower  than  the  northeastern  or  southeastern  spurs,  is  covered  only  by 
beds  of  the  Cambrian  formation,  the  White  and  Blue  Limestones  which 
still  cap  the  other  spurs  having  been  removed  by  erosion.  Section  B  B, 
Atlas  Sheet  VIII,'  passes  through  this  spur  and  shows  its  profile  and  geo- 
logical structure  as  well  as  can  be  expressed  on  so  small  a  scale.  In  addi- 
tion to  the  normal  eastern  dip,  the  beds  have  also  a  decided  inclination  to 
the  south,  so  that  the  spur  presents  a  perpendicular  wall  on  the  north 
towards  Lincoln  amphitheater,  with  a  shallow  ravine  on  the  south  sepa- 
rating it  from  the  southeastern  spur,  the  slope  of  the  spur  in  that  direction 
corresponding  nearly  with  the  dip  of  the  beds.  This  southern  dip  is  the 
relic  of  a  lateral  fold  or  slight  corrugation  produced  by  the  forces  of  con- 
traction acting  in  a  northerly  and  southerly  direction  at  right  angles  to  the 
major  force.  The  Lincoln  amphitheater  is  thus  shown  to  have  been  cut 
out  of  the  axis  of  an  anticlinal  fold,  and  in  the  sedimentary  beds  still  re- 
maining on  the  northeast  spur  a  slight  inclination  to  the  northward  can  still 
be  detected,  showing  that  they  formed  the  northern  member  of  this  subor- 
dinate fold. 

The  Cambrian  quartzites  which  form  the  mass  of  the  spur  are  of  the 
characteristic  white  saccharoidal  variety,  thinly  and  evenly  bedded,  and 
contain  a  slight  development  of  white  limestone,  which  has  been  occasion- 
ally observed  elsewhere  in  this  formation.  At  the  eastern  end  of  the  spur 
is  a  cliff  of  quartzite,  just  above  timber-line,  below  which  the  beds  assume  a 
steeper  dip,  so  that  the  lower  slopes  are  occupied  by  outcrops  of  succes- 
sively higher  horizons.  At  the  foot  of  this  cliff  are  several  prospect  holes, 
following  deposits  of  copper  an'd  iron  pyrite  near  or  in  contact  with  a  body 
of  decomposed  quartz-porphyry.  A  sheet  of  Lincoln  Porphyry,  which  may 
be  part  of  the  same  body,  caps  the  spur  above  the  cliff  and  is  cut  through 
by  what  seems  to  be  a  dike  of  porphyrite.  The  porphyrite  contains  both 
biotite  and  hornblende  (the  latter  being,  however,  largely  predominant)  and 
is  more  decomposed  than  porphyrite  rocks  generally,  both  these  minerals 

'  By  an*error  in  proof-reading,  the  line  of  this  section,  as  given  on  the  map  in  blue  (Atlas  Sheet 
VI),  is  partially  wrong.  It.  should  pass  from  the  summit  of  Mount  Cameron  to  that  of  Mount 
Lincoln,  and  from  there  down  the  eastern  spur,  whereas  on  the  map  it  passes  directly  from  Mount 
Cameron  to  the  spur. 
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being  mostly  altered  to  chlorite.  Its  groundmass  is  crystalline  and  con- 
tains a  considerable  development  of  calcite.  Magnetite  is  also  plentiful 
and  has  been  frequently  changed  into  hydrated  oxide  of  iron.  Muscovite 
is  frequently  present  as  an  alteration  product  of  plagioclase.  The  rock  as 
usual  contains  many  fragments  of  Archean,  in  this  case  of  rnuscovite-gneiss. 
The  Lincoln  Porphyry  is  like  the  normal  type,  but  contains  few  large 
feldspar  crystals.  Besides  these  is  a  more  compact  roc*k,  apparently  a 
contact  product,  which  in  general  differs  from  either  rock ;  however,  some 
specimens  show  its  probable  connection  with  the  Lincoln  Porphyry.  Its 
biotite  and  hornblende  are  completely  changed  into  chlorite  and  epidote. 
The  groundmass  is  very  fine  and  not  resolvable  into  its  elements. 

In  ascending  the  regular  slope  of  the  ridge  westward,  as  the  dip  of 
the  formation  is  slightly  steeper  than  this  slope,  successively  lower  beds  of 
quartzite  are  crossed,  and  towards  its  upper  end  several  interbedded  sheets 
of  porphyrite.  These  can  be  traced  along  the  steep  cliff  wall  overlooking 
Lincoln  amphitheater,  and  are  seen  to  follow  the  stratification  lines  for  a 
considerable  distance  to  the  eastward  and  suddenly  bend  down  into  the 
underlying  Archean,  thus  affording  one  of  the  few  opportunities  of  observ- 
ing the  change  from  a  vertical  dike  into  an  interbedded  mass.  Owing  to  the 
contrast  of  the  dark  color  of  the  porphyrite  with  the  white  including 
quartzite,  these  bodies  can  be  distinguished  from  a  great  distance,  and  are 
distinctly  visible  from  the  opposite  side  of  the  Platte  Valley,  on  the  road 
which  leads  from  Montgomery  to  the  Hoosier  pass. 

At  its  upper  or  western  end,  opposite  the  head  of  Lincoln  amphithea- 
ter, this  eastern  spur  merges  into  a  basin-shaped  valley  with  debris-covered 
slopes.  On  the  east  face  of  the  northeastern  spur,  at  the  head  of  Lincoln 
amphitheater,  a  bare  cliff  wall  affords  a  section  of  the  lower  sedimentary 
beds  and  included  intrusive  sheets,  the  whole  mass  much  shattered  and 
dislocated.  Although  time  did  not  admit  of  the  study  of  these  cliff-sections 
in  detail,  as  was  done  in  the  case  of  others  which  will  be  noticed  later,  the 
dark  color  of  the  intrqsive  masses  and  fragments  obtained  from  the  debris 
show  that  they  are  largely  of  porphyrite,  and  therefore  are  probably  parts 
of  the  sheet  already  noticed  on  the  east  spur. 
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The  upper  surface  of  the  northeastern  and  southeastern  spurs  of  Lin- 
coln, respectively,  is  mainly  formed  of  beds  of  Blue  Limestone,  which  have 
been  opened  by  innumerable  prospect-holes  and  several  considerable  mines 
on  either  spur.  On  the  steep  cliff  faces  towards  the  Platte  cafion  and  the 
Cameron  amphitheater,  respectively,  the  limits  of  this  formation  and  those 
which  underlie  it  can  be  distinctly  traced.  On  the  more  rounded  interior 
slopes  debris  of  Lincoln  Porphyry  obscure  very  largely  the  actual  rock 
surface.  For  this  reason  and  also  owing  to  the  small  scale  of  the  map,  the 
outlines  of  the  formations  there  indicated  are  somewhat  generalized. 

The  sharp  summit  of  Lincoln  itself  is  made  up  of  a  mass  of  typical  Lin- 
coln Porphyry,  projecting  boldly  above  the  sedimentary  beds  and  noticeable 
for  its  vertical  cleavage  planes,  producing  a  columnar  structure  which  is  best 
seen  on  its  steep  south  face.  Lincoln  Porphyry  is  also  found  for  a  consid- 
erable distance  down  the  east  spur,  and  with  it  are  associated  shales  and 
grits  belonging  to  the  Weber  Shale  formation.  The  short,  sharp  ridge 
directly  west  of  the  summit  of  Lincoln,  and  between  it  and  the  saddle  that 
separates  Mount  Lincoln  from  Mount  Cameron,  is  also  composed  of  a  series 
of  beds  which  evidently  belong  to  this  horizon.  They  dip  somewhat 
sharply  to  the  east  and  consist  of  greenish,  yellowish,  and  reddish  shales  and 
of  micaceous  quartzites,  with  a  bed  of  black  shale  near  the  top,  comprising 
in  all  a  thickness  of  about  two  hundred  and  forty  feet.  Below  this  is  a  bed 
of  Lincoln  Porphyry,  evidently  interstratified,  while  on  the  saddle  itself  are 
outcroppings  of  Blue  Limestone.  A  deserted  mine  on  this  saddle,  known 
as  the  Present  Help,  the  highest  mine  probably  in  the  United  States,  is  ap- 
parently at  or  near  the  contact  of  the  Blue  Limestone  with  the  overlying 
porphyry ;  its  workings  had  been  abandoned  and  were  inaccessible.  The 
intense  metamorphism  shown  in  all  the  sedimentary  beds  near  the  summit 
of  Lincoln  and  the  columnar  structure  of  its  porphyry  render  it  probable 
that  the  mass  which  forms  the  peak  is  directly  above  the  channel  through 
which  this  rock  was  erupted.  There  is  evidence  also  that  from  this  channel 
a  sheet  of  the  same  rock  was  spread  out  over  the  surface  of  the  Blue  Lime- 
stone, wWch  was  probably  the  determining  cause  of  the  great  concentration 
of  mineral  at  this  horizon. 
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The  typical  Lincoln  Porphyry,  as  found  on  the  summit  of  Mount  Lin- 
coln itself,  is  characterized  by  large  orthoclase  crystals,  which  sometimes 
reach  two  inches  in  length,  of  pinkish  color,  generally  Carlsbad  twins,  and 
often  so  fresh  and  glassy  in  appearance  as  to  remind  one  of  the  sanidine 
crystals  of  more  recent  rocks.  There  are  five  or  six  large  crystals  as  a 
rule  in  an  ordinary  hand  specimen.  The  smaller  feldspars  are  white,  and 
a  large  number  show  distinct  striae.  Quartz  is  very  abundant  and  rela- 
tively large,  in  round  grains,  often  of  pinkish  hue,  and  showing  more  or 
less  plainly  the  faces  of  dihexahedral  crystals.  Biotite  in  darker  or  lighter 
green  leaves,  according  to  its  condition  of  decomposition,  is  quite  conspic- 
uous in  the  rock.  A  few  specks  of  specular  iron  are  sparingly  scattered 
through  the  rock.  The  groundmass  is  light,  green  or  pinkish  and  is  quan- 
titatively quite  subordinate  to  the  crystalline  element.  Under  the  micro- 
scope it  is  seen  to  be  fully  crystalline. 

Such  is  the  typical  Lincoln  Porphyry,  which  projects  in  lofty  columns 
from  the  summit  of  the  mountain  in  a  sharp  apex  which  overtops  all  the 
surrounding  peaks.  Owing  to  its  exposed  situation  it  attracts  the  storm 
clouds  from  all  the  regions  around,  and  even  in  midsummer  scarcely  a  day 
passes  without  a  slight  fall  of  snow  or  hail  on  the  summit.  The  very 
topmost  rocks  show  traces  of  discharges  of  the  electric  fluid  in  the  forma- 
tion of  fulgurite,  which  encircles  the  little  holes  it  has  bored  into  the  rocks. 
Around  the  base  of  this  summit  mass  of  porphyry  its  contact  with  the  sed- 
imentary rocks  is  obscured  by  debris,  the  few  outcrops  that  are  seen  being 
composed  of  rocks  so  much  altered  that  their  original  character  cannot  be 
determined. 

Cameron  amphitheater.  —  On  the  steep  south  face  of  Lincoln,  a  sketch  of 
which  is  shown  in  Plate  XI,  a  careful  study  was  made  of  the  various  erup- 
tive masses.  The  Lincoln  Porphyry  of  the  eastern  edge  of  the  summit  is 
of  a  much  darker  color  than  the  normal  rock  and  contains  few  or  none  of 
the  larger  feldspar  crystals.  It  is  so  much  decomposed  that  only  in  the 
center  of  large  blocks  is  the  original  grayish  color  preserved ;  but  the  round 
quartz  grains  are  distinct  throughout.  The  Blue  Limestone, -which  here 
seems  to  have  a  brecciated  structure,  can  be  traced  as  a  horizontal  line 
across  the  face  of  the  cliff,  from  the  Present  Help  mine  on  the  west  to  the 


112  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADVILLE. 

Russia  mine  on  the  east,  immediately  below  a  bed  of  Lincoln  Porphyry. 
Along  the  edge  of  the  steep  ravine  which  descends  directly  from  the  summit 
of  Lincoln  an  irregular  dike  of  porphyry  crops  out  here  and  there,  colored 
brilliant  red  and  yellow  on  its  surface,  but  so  much  decomposed  that  its 
original  structure  can  no  longer  be  determined.  As  shown  in  the  sketch,  it 
is  only  the  Silurian  (c)  and  Cambrian  (b)  strata  which  form  continuous  out- 
crops across  the  cliff  face,  and  these  are  somewhat  broken  by  transverse 
dikes  of  eruptive  rock.  Within  the  Cambrian  quartzite  is  an  intrusive  sheet 
of  Lincoln  Porphyry,  whose  darker  color  contrasts  strongly  with  the  bleached 
weathered  surfaces  of  the  summit  rock.  The  base  line  of  the  Cambrian, 
where  it  rests  on  the  Archean,  appears  more  irregular  in  the  sketch  than  it 
is  in  nature,  but  it  is  evident  that  the  Cambrian  sea  bottom  was  not  so 
smooth  here  as  it  is  shown  to  be  in  other  cliff  sections. 

In  the  ravine  next  east  from  that  already  mentioned  is  a  dike  of  White 
Porphyry,  which  can  be  traced,  as  shown  in  the  sketch,  from  the  gneiss  of 
the  Archean  across  the  Cambrian  quartzites  into  the  White  Limestone.    This 
is  dike  No.  1,  whose  rock  has  already  been  described  under  that  which 
occurs  on  the  north  face  of  Lincoln.     Its  outline  is  extremely  irregular,  and 
its  contact  surfaces'  with  sedimentary  rocks,  which  are  distinctly   visible, 
show  none  of  the  contact  phenomena  supposed  to  result  from  the  heat  of  a 
fused  mass.     In  its  upper  portion  it  is  rounded,  and  curves  over  one  of  the 
heavier  beds  of  White  Limestone  in  an  oval  mass.     On  its  east  side,  near  its 
summit,  the  thinner  beds  of  limestone  are  bent  upwards,  as  if  displaced  at 
the  time  of  its  intrusion,  and  the  lower  shale  beds  of  the  White  Limestone 
belt  are  more  or  less  serpentinized.     It  also  sends  out  offshoots  a  few  inches 
wide  through  the  natural  joints  of  the  sedimentary  beds.     About  fifteen  to 
twenty  feet  above  the  base  of  the  Lower  Quartzite  it  crosses  an  interbedded 
mass  of  porphyry  of  a  dark-green  color,  which  is  here  some  thirty  feet  in 
thickness.     This  interbedded  porphyry  is  thoroughly  decomposed,  the  only 
crystals  visible  being  rounded  quartz  grains,  which  resemble  those  of  the 
Lincoln  Porphyry.     All  its  cleavage  planes  are  covered  by  a  dark-green 
coating  of  chloritic  nature,  and  it  is  crossed  by  thin  perpendicular  fissures, 
from  one  to  two  inches  in  thickness,  containing  pyrites  and  having  a  bright- 
yellow  weathered  surface.     A  comparatively  fresh  specimen  was  obtained 
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with  some  difficulty,  which  shows  the  characteristic  large,  pink,  orthoclase 
feldspars  of  the  Lincoln  Porphyry.  In  this  the  green  color  is  seen  to  be 
due  to  the  alteration  of  biotite  into  a  chloritic  substance,  which  has  been 
deposited  on  the  surface  of  the  smaller  feldspars,  so  that  they  are  scarcely 
distinguishable  by  the  naked  eye.  Biotite  is  also  no  longer  visible  except 
under  the  "microscope.  Pyrite  can  be  distinguished  throughout  the  rock  by 
the  naked  eye. 

The  Archean  rocks  (a)  at  the  base  of  this  section  consist  almost  en- 
tirely of  dark-gray  gneiss.  In  this  the  White  Porphyry  dike  can  be  traced 
but  a  short  distance,  as  it  is  soon  lost  under  the  steep  talus  slopes  at  the 
foot  of  the  cliff. 

A  few  hundred  feet  east  of  this  dike  (to  the  right  in  the  sketch)  a  second 
dike  (No  2)  can  be  traced,  though  less  distinctly,  from  the  gneiss  entirely 
across  the  Cambrian  and  Silurian  formations,  apparently  terminating  at  the 
base  of  the  Blue  Limestone.  It  is  much  narrower  and  straighter  than  dike 
No.  1,  and  like  that  seems  to  have  a  northeast  and  southwest  direction.  Its 
rock  is  a  light-colored,  fine-grained,  highly-crystalline  porphyry,  belonging 
to  the  type  designated  as  Mosquito  Porphyry,  which  has  already  been  de- 
scribed. There  is  an  outcrop  of  the  sama  rock  in  the  Archean,  on  the  west 
wall  of  the  Cameron  amphitheater  directly  under  Mount  Cameron,  which 
may  possibly  be  part  of  the  same  body,  although  the  intermediate  region 
is  too  much  obscured  by  de'bris  to  trace  any  direct  connection. 

Eastward  of  this  cliff  face  the  northern  wall  of  the  Cameron  amphi- 
theater is  much  covered  by  de'bris  for  the  distance  of  nearly  a  mile,  in  which 
extent,  although  the  general  dip  of  the  sedimentary  beds  can  be  traced,  no 
opportunity  was  presented  for  an  examination  of  the  intrusive  bodies. 
Near  the  eastern  end  of  the  wall,  however,  is  a  second  cliff  section,  which 
shows  in  a  very  instructive  manner  the  position  of  the  intrusive  masses  and 
dikes.  It  is  graphically  represented  in  Plate  XII,  which,  like  the  preceding 
plate,  is  copied  from  sketches  made  on  the  spot  by  Prof.  A.  Lakes.  The 
section  was  studied  by  Mr.  Cross,  from  whose  notes  the  following  descrip- 
tion is  largely  taken. 

Here,  as  in  the  section  just  described,  is  an  intrusive  interbedded  mass 
of  porphyry  in  the  Lower  Quartzite  (£»),  only  a  few  feet  above  its  base, 
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which  is  also  crossed  by  a  nearly  vertical  dike.  This  vertical  dike,  as  may 
be  seen  on  the  left  half  of  the  sketch,  can  be  traced  from  the  Archean  up 
to  the  base  of  the  Blue  Limestone.  It  is  from  fifteen  to  twenty  feet  wide  at 
the  bottom  and  branches  at  the  top  into  five  small  arms,  but  does  not  spread 
out  between  the  strata.  Its  rock  is  a  White  Porphyry,  which  differs  from  any 
of  those  observed  elsewhere  in  carrying  large  orthoclase  feldspars,  sometimes 
an  inch  in  length.  They  are  Carlsbad  twins,  and  have  a  pinkish  tinge  like 
those  in  the  Lincoln  Porphyry.  Small  rounded  grains  of  quartz  are  also  abun- 
dant, but  no  trace  of  hornblende  or  biotite  could  be  seen,  either  by  the  naked 
eye  or  with  the  microscope.  Under  the  microscope  the  feldspar  is  seen  to  be 
partly  plagioclase,  and  in  the  quartz  are  many  small  fluid  inclusions.  The  in- 
terbedded  porphyry  mass,  like  that  on  the  south  face  of  Lincoln,  is  prominent 
by  its  dark  color;  but  on  examination  it  is  seen  to  consist  of  two  distinct 
rocks,  one  of  which  seems  to  have  pushed  its  way  through  the  other  after 
it  had  been  already  spread  out  between  the  beds.  The  later  rock  is  a  Lin- 
coln Porphyry,  whose  outlines  can  be  distinguished  from  a  little  distance 
by  its  peculiarity  of  weathering,  its  fragments  showing  larger  surfaces  than 
that  of  the  earlier  rock.  The  earlier  rock  is  of  a  light-green  color,  and 
shows,  to  the  naked  eye,  scarcely  any  distinguishable  crystals,  feldspars 
being  decomposed  to  a  substance  very  like  groundmass.  Altered  horn- 
blende, a  few  biotite  leaves,  and  an  occasional  quartz  grain  can  be  distin- 
guished by  the  lens  ;  also,  a  few  small  specks  of  some  metallic  combination. 
Under  the  microscope  the  groundmass  resolves  itself  into  a  fully  crystal- 
line admixture  of  quartz,  mica,  and  feldspar.  Calcite  is  present  in  filmy 
particles  and  occasionally  in  grains.  The  larger  quartz  crystals  contain 
fluid  inclusions.  The  contact  specimens  of  these  two  porphyries  show  a 
blending  of  the  characters  of  the  two  in  the  tendency  to  the  formation  of 
large  quartz  and  pink  feldspar  crystals  in  a  base  more  like  the  older  por- 
phyry. As  shown  in  the  sketch,  the  Lincoln  Porphyry  throughout  the 
greater  extent  of  the  section  is  entirely  included  within  the  older  mass. 
Towards  the  eastern  end,  however,  it  forms  a  distinct  bed  above  the  other, 
and  each  sends  off  a  branch  upward  in  a  northeast  direction  across  the  strata, 
forming  nearly  parallel  dikes  which  meet  at  the  surface  of  the  ridge.  These 
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dikes  are  about  fifteen  feet  in  thickness  each,  while  the  combined  beds  have 
a  thickness  of  from  fifty  to  sixty  feet. 

This  intrusive  sheet  of  Lincoln  Porphyry  at  the  Cambrian  horizon, 
which  seems  continuous  along  the  north  wall  of  the  Cameron  amphitheater, 
was  traced  out  to  the  end  of  the  southeast  spur  of  Lincoln ;  and  what  is 
apparently  the  same  bed  was  also  observed  lower  down  the  slopes,  in  the 
more  steeply-dipping  members  of  the  same  formation.  Outcrops  of  simi- 
larly situated  bodies,  as  shown  on  the  map,  are  also  found  on  the  south  wall 
of  the  Cameron  amphitheater  and  on  either  wall  of  the  Bross  amphitheater. 
Time  did  not  permit  of  tracing  any  connection  between  these  different  out- 
crops ;  and  it  seems  doubtful  whether  any  exists,  inasmuch  as  for  some  un- 
known reason  there  seems  to  have  been  much  less  tendency  to  spread  out. 
in  extensive  sheets  at  this  horizon  than  at  that  above  the  Blue  Limestone. 
Although  this  latter  porphyry  bed  is  only  found  to  a  limited  extent  above 
the  Blue  Limestone  on  Mount  Lincoln,  there  is  no  doubt  that  it  once  covered 
that  bed,  forming  a  sheet  comparable  in  extent  to  that  of  the  White  Por- 
phyry in  the  Leadville  district. 

Cameron  and  Bross. — The  summit  slopes  of  Mounts  Cameron  and  Bross, 
except  those  on  the  cliff  faces  which  are  too  steep  to  permit  the  lodgment 
of  debris,  are  mainly  covered  by  fragments  of  Lincoln  Porphyry.  Eruptive 
rocks  under  the  action  of  atmospheric  degradation  split  up  into  fragments 
whose  shape  and  relatively  small  weight,  as-  compared  with  their  superficial 
area,  render  them  more  susceptible  to  being  moved  by  melting  snow,  so 
that  on  mountain  sides  they  generally  cover  a  surface  disproportionately 
large  as  compared  with  their  actual  outcrops.  This  is  eminently  the  case 
on  Mount  Bross.  where  angular  fragments  of  porphyry  often  cover  the 
surface  to  a  depth  of  ten  feet  or  more  and  the  character  of  the  underlying 
rock  can  often  only  be  determined  by  actual  excavation. 

The  porphyry  of  the  summit  of  Mount  Cameron  is  remaukable  for  the 
unusual  development  of  large  orthoclase  crystals,  often  more  than  two 
inches  in  length,  which  weather  out  from  its  surface.  Associated  with  the 
much-weathered  fragments  of  porphyry  are  various  brown  quartzitic  sand- 
stones, which  may  represent  a  bed  of  the  Weber  Grits  formation  not  yet 
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eroded  off  the  summit.      No  sufficient  evidence  was  found,  however,  to 
justify  its  indication  on  the  map. 

On  Mount  Bross  the  Lincoln  Porphyry  shows  a  still  lighter  color  than 
that  on  Mount  Lincoln,  which  seems  due  to  the  fact  that  the  decomposed 
mica,  instead  of  remaining  as  chlorite,  has  been  entirely  removed  Frag- 
ments of  shales  and  quartzitic  sandstones  of  the  Weber  Grits  formation  are 
mingled  with  the  porphyry  debris  of  the  upper  slopes  of  Bross,  and  out- 
crops of  these  rocks  are  found  on  the  ridge  connecting  it  with  Cameron,  us 
well  as  to  the  south  of  its  summit  on  the  ridge  overlooking  Buckskin  guhh- 
In  the  latter  instance  they  stand  at  a  much  steeper  angle  than  the  lower 
series  of  Paleozoic  beds,  and  give  evidence  of  some  local  movement.  In 
Section  L,  Atlas  Sheet  X,  is  shown  the  probable  form  of  the  Lincoln 
porphyry  body  on  the  summit  of  Mount  Bross,  as  deduced  from  observed 
outcrops.  It  is  very  possible  that,  like  that  of  Mount  Lincoln,  it  stands  over 
a  channel  of  eruption,  but  the  evidence  of  this  was  not  considered  strong 
enough  to  justify  its  being  indicated  on  the  plane  of  the  section. 

On  the  north  face  of  Mount  Bross,  towards  Cameron  amphitheater, 
the  base  line  of  the  Paleozoic  formations  can  be  traced  with  tolerable  dis- 
tinctness. Of  dikes  crossing  the  formation,  like  those  on  the  face  of  Mount 
Lincoln  opposite,  there  are  doubtless  many,  but  only  one  was  actually 
traced,  which  is  cut  by  the  western  workings  of  the  Moose  Mine.  In  the 
Archean  below  this  mine  is  a  prominent  mass  of  light-gray  granite.  The 
workings  are  in  the  Blue  Limestone,  which  is  exposed  on  the  east  spur  of  the 
mountain  between  the  Cameron  and  Bross  amphitheaters,  forming  the  sur- 
face of  the  spur,  until  cut  off  by  its  steeper  slope,  whose  angle  is  greater 
than  that  of  the  dip  of  the  beds.  This  bed  is  completely  honeycombed  by 
abandoned  mine  workings,  but  the  underlying  White  Limestone  here,  as  in 
the  Leadville  district,  seems  to  have  yielded  little  or  no  ore.  At  the  foot 
of  the  spur,  erosion  has  exposed  the  quartzite  beds  of  the  Cambrian,  in 
which  is  a  prominent  dike  of  porphyry  running  from  the  edge  of  Bross 
amphitheater  a  little  north  of  east,  in  the  direction  of  the  summit  of  Mount 
Silverheels.  It  was  traced  as  far  as  the  secondary  ridge  bordering  the 
Platte  Valley  into  the  White  Limestone,  where  it  was  lost  in  the  forest. 
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The  rock  (88)  of  which  it  is  composed  differs  from  any  yet  described.  Its 
weathered  surface  is  so  white  that  at  first  glance  it  might  be  taken  for  the 
White  or  Leadville  Porphyry.  On  a  fresh  fracture  it  has  a  light-green 
color  and  shows  few  macroscopical  crystals.  It  has  certain  resemblances 
to  porphyrite  and  also  to  the  Silverheels  Porphyry,  but  the  microscope 
shows  it  to  be  identical  with  the  quartz  porphyry  found  on  Loveland  Hill 
and  on  the  north  wall  of  Mosquito  Gulch,  which  has  been  described  under 
the  name  of  Green  Porphyry. 

Bross  amphitheater,  like  those  of  the  other  two  peaks,  lies  nearly  due 
east  of  the  summit,  but,  owing  to  the  steeper  inclination  of  the  Paleozoic 
beds  which  cap  its  walls,  it  has  not  been  carved  to  so  great  a  depth  into 
the  underlying  Archean  schists,  whose  outcrops  are  therefore  of  much  less 
superficial  extent.  As  in  the  others,  the  highest  beds  exposed  in  the  cliff 
sections  on  its  walls  are  those  of  the  Blue  Limestone.  Shales,  probably 
belonging  to  the  Weber  Shale  formation,  are  disclosed  in  prospect  holes 
along  the  road  which  curves  round  its  head,  and  very  possibly  a  consider- 
able portion  of  the  area  which  has  been  given  the  color  of  porphyry  on  the 
map  may  prove  by  actual  excavation  to  be  underlaid  by  beds  of  this  for- 
mation. The  road  which  leads  by  the  Dolly  Varden  and  Moose  mines; 
along  the  north  face  of  Mount  Bross  and  the  west  face  of  Mount  Cameron, 
to  the  Present  Help  mine,  on  the  south  face  of  Mount  Lincoln,  is  indicated 
on  the  sketch  in  Plate  IX  by  a  light  double  line,  the  location  of  the  respect- 
ive mines  being  shown  by  the  house  outlines.  The  Dolly  Varden  mine,  on 
the  spur  south  of  the  amphitheater,  finds  its  ore  in  the  Blue  Limestone  adjoin- 
ing a  dike  of  White  Porphyry  40  feet  in  thickness,  which  crosses  it  at  an 
angle  of  60°  with  the  horizon.  Below  the  Dolly  Varden  mine  the  spur 
slopes  more  steeply  than  the  beds,  and  at  its  base  the  Parting  Quartzite  of 
the  Silurian  is  exposed.  In  the  basin-shaped  valley  called  Mineral  Park, 
south  of  this  spur,  erosion  must  have  exposed  still  lower  beds  than  on  the 
spur,  and  it  is  possible  that  the  quartzite  beds  said  to  be  exposed  there  may 
belong  to  the  Cambrian. 

The  ridge  running  south  from  Mount  Bross,  between  Mineral  Park  and 
Buckskin  gulch,  is  mainly  covered  by  easterly- dipping  beds  of  the  Blue 
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Limestone  horizon.  There  are  several  bodies  of  Lincoln  Porphyry,  besides 
the  main  sheet  near  the  summit,  which  are  not  shown  on  the  map,  as  time 
did  not  admit  a  sufficiently  detailed  study  to  determine  their  outlines  or 
whether  they  were  remnants  of  this  sheet  or  distinct  bodies.  The  upper 
part  of  the  Blue  Limestone  on  this  spur  seems  to  have  been  particularly 
rich  in  black  chert  concretions,  which  now  lie  scattered  over  the  surface  of 
the  ground,  and  from  which  Prof.  Lakes  obtained  the  following  fossils: 


Spiriferina  (sp.  like  8.  Spergenennis). 
Spirifera  Rockymontana. 
Prodnctus  costatus. 
Euomphalus  (sp.  f ). 


Athyris  subtilita. 
Streptorynchm  crassus. 
Pleurophorus  oblongus. 


These  were  mainly  collected  in  a  slight  depression  of  the  ridge,  where 
the  overlying  porphyry  had  been  eroded  off,  and  therefore  must  have 
come  from  the  upper  part  of  the  horizon. 

The  lower  Paleozoic  beds  are  exposed  in   section  at  various  points 
along  the  steep  western  wall  of  this  spur,  which  faces  Buckskin  gulch. 
They  were  examined  at  two  points.     At  the  extreme  southern  end  of  the 
spur,  just  above  the  town  of  Buckskin  Joe,  where  the  steeper  eastern  dip 
of  the  formation  comes  in,  several  ore  bodies  have  been  discovered,  and  the 
now  abandoned  mines  (the  Excelsior,  in  White  Limestone,  and  the  Cri- 
terion, in  Lower  Quartzite)  were  once  worked.     At  the  Criterion  mine  a 
thickness  of  150  feet  of  quartzites  was  measured  between  the  Archean  and 
the  first  bed  of  White  Limestone.     The  ore  bodies  are  accumulated  here 
along  vertical  planes,  running  northeast  and  southwest,  which  seems  to  be 
the  direction  of  a  dike  of  dark-green  decomposed  porphyrite,  whose  out- 
crops are  found  in  the  ravine  below  the  mine,  near  the  contact  with  the 
Archean.     There  is  evidence  also  of  a  slight  displacement  along  a  plane 
running  northeast  and  southwest,  whose  upthrow  is  to  the  west.     At  the 
Excelsior  mine,  which  is  about  a  quarter  of  a  mile  farther  west,  near  the 
point  of  the  cliff  in  the  angle  of  the  gulch,  the  ore  bodies  follow  similar 
and  nearly  parallel  planes.     A  section  measured  on  the  cliff  near  the  mine 
gave  the  following  thicknesses,  in  descending  series : 
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Fuot. 

Blue  Limestone,  covering  surface  of  spur ? 

a-,     .  <  Parting  Quartzite  (exposed  in  prospect  holes) t 

\  White  Limestone,  partly  covered  by  debris,  estimated  . .  200 


Shales  and  sandy  limestones 35 

Gray  quartzite,  impregnated  with  metallic  mineral 20 

Massive  white  quart zite G 

Cambrian <  Greenish  quartzite,  with  calcareous  layers 8 

White  saccharoidal  quartzite 10 

Greenish-white,  compact,  thin-bedded  limestone 3 

i,  White  saccharoidal  quartzite 55 

137 

Archean ! 

The  limestone  bed  in  this  section  is  of  interest  as  being  the  only  one 
examined  from  this  region  which  was  not  a  dolomite.  It  contained  25.48 
per  cent,  carbonate  of  lime,  4.03  carbonate  of  magnesia,  with  traces  of  chlo- 
rine, the  residue  being  mainly  silica.  It  has  already  been  noted  that  the 
Cambrian  beds  in  their  upper  part  are  often  more  or  less  calcareous,  but 
generally  resemble  a  sandstone  on  the  surface,  whereas  this  bed  has  the 
compact,  even  texture  and  clean  fracture  of  a  limestone.  The  strata  at  this 
point  dip  15°  to  the  east,  with  a  strike  a  little  east  of  north. 

Red  amphitheater. —  Nearly  under  the  summit  of  Mount  Bross  and  high 
up  on  the  east  wall  of  Buckskin  gulch  is  the  Red  amphitheater,  a  semi- 
circular recess  in  the  cliff-wall  nearly  a  thousand  feet  above  the  bed  of  the 
valley.  The  scale  of  the  rnap  does  not  permit  an  adequate  expression  of 
the  form  of  this  remarkable  basin,  which  is  rendered  still  more  prominent 
by  the  brilliant  red  and  yellow  coloring  of  its  walls.  This  color  comes 
from  a  thin  coating  of  ocherous  clay,  which  covers  the  rock  fragments  of 
debris  piles,  and  which  contains,  besides  oxide  of  iron,  traces  of  arsenic, 
antimony,  and  sulphur.  The  rock  fragments  thus  coated  are  so  much 
decomposed  that  it  is  seldom  possible  to  determine  their  original  character, 
and  it  would  have  taken  much  more  time  than  was  available  to  thoroughly 
decipher  the  geological  history  of  this  remarkable  locality,  which  has  evi- 
dently been  the  scene  of  long-continued  metamorphic  action,  probably  a 
sequence  of  the  eruption  of  the  igneous  rocks  now  forming  dikes  and  intru- 
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sive  sheets  in  the  Archean  and  overlying  Paleozoic  beds.  The  results  of  the 
rnetamorphic  action  are  shown,  not  only  in  the  decomposition  and  coloring 
of  the  rocks  above  mentioned,  but  in  the  marbleizing  of  the  limestones  and 
the  large  development  of  serpentine  within  these  limestones. 

The  eruptive  bodies  developed  here  consist,  besides  the  large  body  of 
Lincoln  Porphyry  near  the  summit  of  Mount  Bross,  first,  of  a  considerable 
body  of  augite-bearing  diorite  (96),  which  cuts  through  the  Archean  from 
the  valley  below  up  into  the  bed  of  the  amphitheater,  and  either  spreads 
out  along  the  base  of,  or  extends  into,  the  Cambrian  beds  under  the  talus 
slopes  of  debris ;  secondly,  of  a  dike  of  White  Porphyry,  crossing  Silurian 
and  Carboniferous  limestones  in  a  vertical  direction  ;  thirdly,  of  several  thin 
intrusive  beds  of  green  and  much-altered  quartz-porphyry,  parallel  with 
the  stratification.  It  is  only  on  the  south  side  of  the  amphitheater  that  a 
continuous  cliff-section  of  the  Paleozoic  beds  is  exposed,  and  here  the  top 
of  the  Blue  Limestone  and  the  base  of  the  Cambrian  are  each  covered  by 
surface  accumulations.  One  principal  and  several  smaller  faults  can  be 
distinguished  on  the  cliffs,  in  each  of  which  the  upthrow  is  to  the  west,  but 
the  amount  of  displacement  is  only  slight.  The  Colorado  Springs  mine  is 
opened  on  this  cliff,  near  the  base  of  the  Blue  Limestone,  from  which  rich 
ore  in  small  quantities  has  been  obtained.  The  following  section  was  made, 
by  means  of  a  pocket  level,  on  the  cliff  just  south  of  the  mine  and  near  (he 
dike  of  White  Porphyry  above  mentioned : 

Feet 

!  Black  cherty  limestone 50 

Blue-gray  limestone 50 

Ligbt-blue  limestone \ 

hite  marbleized  limestone I  GO 

^  Light  drab  limestone  witli  serpentine ' 

160 

White  and  greenish  quartzite 40 

White  limestone 10 

Light -bluish  limestone 40 


Silurian 


Green  porphyry,  20  feet. 

White  limestone 10 

Blue-gray  crystalline  limestone  ...    40 

.  Light-colored  limestone  with  serpentine 30 

170° 


Cambrian 
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\  Dark-green  serpentine  .........................  10 

White  limpid  quartz  .........................  15 

Yellowish  -greeu  serpentine  ....................  1£ 

Green  porphyry,  4  feet. 

White  quartzite  .............................  10 

Grecn  1'orphyry,  20  feet. 

Wliite  quartzite  ......................  .  ........  10 

Green  porphyry,  5  feet. 

White  qnartzite  ...............................  40 


Intrusive  mass,  disturbing  strata  and  disappearing 
under  debris  ................  ...............  (?) 

Neither  the  top  of  the  Blue  Limestone  nor  the  base  of  the  Cambrian  is 
reached  in  this  section,  and  to  the  aggregate  thickness  given  an  unknown 
amount,  probably  in  the  neighborhood  of  200  feet,  should  be  added.  At 
the  head  of  the  amphitheater  above  the  Blue  Limestone  is  a  very  thick  body 
of  Lincoln  Porphyry,  above  which,  on  the  summit  of  the  ridge  and  sepa- 
rated by  a  low  saddle  from  the  main  summit  of  Mount  Bross,  are  intensely 
altered  shales,  frequently  chloritic,  belonging  to  the  Weber  Shale  formation. 

The  development  of  serpentine,  which  elsewhere  seems  confined  to  the 
"sandy  limestones"  of  the  upper  part  of  the  Cambrian,  here  extends,  though 
on  a  minor  scale  of  development,  a  short  distance  into  the  silicious  beds 
below  and  up  as  far  as  the  base  of  the  Blue  Limestone.  The  serpentines 
obtained  from  here  are  remarkably  beautiful  rocks,  grading  in  color  from  a 
homogeneous  yellow  to  a  dark  green,  mixed  with  gray  and  having  the 
general  effect  of  a  veined  verd-antique,  although  more  critical  examination 
shows  that  the  green  and  gray  or  yellow  are  a  simple  shading  oft'  and  inter- 
growth.  In  some  cases  thin,  vein-like  sheets  seem  to  cross  the  strata,  though 
in  general  the  development  of  serpentinous  material  is  parallel  to  the  strat- 
ification. Under  the  microscope  they  are  seen  to  contain  a  very  consider- 
able amount  of  calcite,  an  appearance  which  is  confirmed  by  chemical 
analysis.  The  development  of  serpentine  is  apparent,  in  looking  at  the 
cliffs  from  a  little  distance,  as  a  lenticular-shaped  body,  giving  at  first  the 
impression  that  it  causes  an  actual  thickening  of  the  beds;  but  the  measure- 
ments given  by  the  above  section  show  that  this  is  not  the  case,  and  the 
chemical  examination,  which  is  discussed  in  Chapter  VI,  shows  that  this 
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mineral  is  the  result  of  a  change  within  the  rocks  themselves,  and,  proba- 
bly in  great  part,  of  the  alteration  of  pyroxene  and  amphibole  in  the  lime- 
stones. 

Eastern  foot-hiiu.— The   higher   part  of  the    Lincoln   massive    thus  far 
described  may  be  considered  structurally  to  form  part  of  the  crest  of  an 
original  great  anticlinal  fold,  inasmuch  as  the  average  inclination  of  the 
beds  is  comparatively  small.     The  wooded  ridges  between  the  foot  of  the 
steeper  slope  and  the  Platte  Valley,  which  form  a  low  shoulder  to  the  Lin- 
coln massive,  and  where  steeper  dips  prevail,  would  form  the  actual  eastern 
member  of  the  fold.     On  the  ridge  between  Quartzville  and  Montgomery, 
for  instance,  the  beds  dip  as  steeply  as  45°.     South  of  this  a  wider  region 
is  included  between  the  outcrops  of  Blue  Limestone  and  the  Platte  Valley, 
and,  were  the  steep  dips  continued  without  interruption,  an  immense  thick- 
ness of  beds  would  be  represented.     There  are  reversed  dips  found,  however, 
notably  in  the  ravine  below  Quartzville  and  in  Buckskin  gorge  above  Alma, 
which  give  evidence  of  the  existence  of  a  secondary  flexure  parallel  to  the 
main  fold,  a  sort  of  minor  ripple  following  at  the  heels  of  the  great  breaker 
or  wave  which  caused  the  main  uplift  of  the  range,  such  as  is  almost  inva- 
riably found  along  lines  of  great  plication.     Another  noticeable  feature  in 
the  structure  is  a  decided  change  of  strike,  which  commences  opposite  the 
east  spur  of  Mount  Bross,  or  between  the  Bross  and  Cameron  amphithea- 
ters.    North  of  this  line  the  average  strike  of  the  beds  is  north  or  a  little 
east  of  north;  south  of  it  the  strike  bends  more  and  more  to  the  east  of 
north;  and  on  the  southeast  slopes  of  Bross  the  strata  have  a  dip  with  the 

slope  to  the  southeast. 

The  outer  wooded  ridge  above  mentioned  is  composed  of  coarse  sand- 
stones of  the  Weber  Grits  formation  and  of  various  intrusive  bodies  of  por- 
phyry. Porphyry  bodies  similarly  situated  were  observed  on  four  distinct 
section  lines  followed  across  this  ridge,  but  the  assumption  that  they  form 
part  of  a  continuous  body,  as  indicated  on  the  map,  is  here,  as  in  the  case 
of  those  on  the  east  side  of  the  Platte  Valley,  not  founded  on  the  tracing  of 
a  continuous  line  of  outcrops,  as  in  the  canon  sections.  They  generally 
belong  to  the  Lincoln  Porphyry  class.  That  found  in  the  ravine  above 
Dudley  in  considerable  thickness  has  the  round  pink  quartz  grains,  but  wants 
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the  striking-  large  orthoclase  crystals  of  the  Lincoln  Porphyry.  The  actual 
line  of  contact  of  Blue  Limestone  and  Weber  Grits,  occurring  generally  in 
the  covered  gap  of  the  depression  between  the  ridge  and  the  steeper  mount- 
ain slope,  was  seldom  observed.  It  was  therefore  impossible  to  determine 
whether  the  sheet  of  Lincoln  Porphyry,  which  occurs  above  it  on  the  higher 
part  of  the  mountain  mass,  extended  eastward  as  far  as  the  foot-hills  or  not. 
Some  outcrops  of  porphyry  were  observed  which  might  have  belonged  to  a 
continuation  of  this  sheet,  but  no  facts  of  sufficiently  definite  significance 
were  obtained  to  justify  its  indication  on  the  map. 

A  good  section  of  these  outlying  ridges  is  obtained  in  the  narrow  wind- 
ing gorge  of  lower  Buckskin  Creek  for  about  a  mile  above  Alma.  The 
beds  of  the  Weber  Grits  formation  exposed  along  the  walls  of  the  valley, 
which  lie  within  the  forest-covered  belt,  show  much  more  decomposition  and 
disintegration  than  is  found  in  the  same  beds  above  timber  line.  Thev  con- 
sist of  coarse  micaceous  sandstones,  with  a  considerable  development  of 
argillaceous  shales,  also  micaceous,  and  one  or  two  thin  beds  of  gray  lime- 
stone. Among  the  shales  is  conspicuous  a  black  carbonaceous  bed,  and  the 
limestone  is  supposed  to  be  that  which  occurs  at  about  the  middle  of  the 
formation  and  which  outcrops  again  in  the  wooded  hills  east  of  the  Platte 
Valley.  The  sandstone  which  immediately  underlies  the  town  of  Alma 
itself,  and  which  is  made  up  of  grains  of  quartz  about  the  size  of  duck- 
shot,  with  considerable  muscovite,  might  be  mistaken  at  a  little  distance 
for  a  decomposed  granite.  It  shows  but  few  bedding  planes,  and,  though 
in  excavations  for  buildings  it  stands  as  a  straight  wall,  when  broken  down 
it  crumbles  at  once  into  coarse  sand. 

Buckskin  amphitheater. — This  immense  basin  at  the  head  of  Buckskin  gulch 
bears  the  same  relation  to  Mount  Bross  that  the  Platte  amphitheater  does 
to  Mount  Lincoln,  the  two  separating  the  Lincoln  massive  from  the  main 
crest  of  the  range,  with  which  it  is  connected  by  the  dividing  ridge  running 
from  Mount  Cameron  to  Democrat  Mountain. 

An  excellent  exposure  of  the  Archean  formation  is  afforded  in  its  steep 
walls,  which  rise  1,500  to  2,000  feet  from  the  bottom  of  the  basin  and  are 
capped  on  the  eastern  side  by  a  thin  covering  of  Paleozoic  beds.  The 
rocks  are  mainly  gneisses  and  amphibolites,  with  local  developments  of 
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granite,  through  which  run  irregular  vein-like  masses  of  white  pegmatite. 
The  latter  are  particularly  prominent  on  the  northeastern  walls  of  Buck- 
skin canon,  a  short  distance  above  the  town  of  Buckskin  Joe.  In  the  bottom 
of  the  upper  part  of  the  basin  is  a  small  lake,  above  which  a  dike  of  horn- 
blende diorite  forty  to  fifty  feet  wide  runs  across  the  basin  in  an  easterly 
direction  from  the  base  of  Democrat  Mountain  and  disappears  under  the 
debris  slopes  on  the  other  side. 

At  the  south  base  of  Democrat  Mountain  are  three  small  lakes  or  tarns, 
on  a  raised  shoulder  or  knoll  of  granite,  back  of  which  is  a  small  raised  basin 
extending  to  the  base  of  the  mountain.  This  granite  is  of  the  fine,  even- 
grained  type  without  large  porphyritic  crystals,  almost  white  in  color, 
and  contains  both  biotite  and  Muscovite.  It  is  traversed  by  many  small 
veins  of  pegmatite,  consisting  of  orthoclase  and  quartz  and  often  having 
a  regular  banded  structure,  like  that  shown  in  Fig.  2,  Plate  IV,  which  is  from 
a  sketch  of  a  bowlder  standing  near  the  lake. 

In  this  raised  basin  many  eruptive  dikes,  mainly  of  porphyrite,  were 
observed,  only  a  few  of  which  it  has  been  possible  to  delineate  on  the  map 
These  porphyrites  belong  to  the  types  carrying  either  mica  or  hornblende 
and  mica.  They  occur  frequently  in  the  form  of  interrupted  dikes.  That 
found  near  the  uppermost  of  the  lakes  contains  both  hornblende  and  mica, 
with  considerable  quartz,  and  is  remarkable  for  the  numerous  fragments  of 
Archean  rocks  included  in  it.  One  of  these  fragments  was  several  feet 
square  and  penetrated  in  all  directions  by  veins  of  porphyrite,  in  which  a 
distinctly  fluidal  structure  of  the  elements  of  the  porphyrite  about  it  could 
be  observed. 

Near  the  middle  lake  is  a  dike  of  White  Porphyry,  a  fresh  and  compact 
variety  of  the  Leadville  rock;  fragments  of  the  same  rock  are  abundant  in 
the  dtibris  pile  at  the  head  of  the  gulch. 

One  of  the  porphyrite  dikes,  which  dips  30°  to  40°  north,  can  be  traced 
to  the  south  shoulder  of  Democrat  Mountain,  which  forms  the  divide 
between  this  and  the  Platte  amphitheater,  and  apparently  connects  with  the 
long  dike,  which  can  be  traced  as  a  thin  black  line  high  up  along  the  east- 
ern°wall  of  the  latter.  A  double  dike  of  similar  appearance  occurs  further- 
south  on  the  same  divide,  near  the  north  base  of  Mount  Buckskin. 
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On  the  south  wall  of  this  raised  basin  under  Mount  Buckskin  the  white 
granite  disappears  and  is  replaced  by  gneiss  and  hornblende  schists,  which 
show  a  remarkably  contorted  structure.  Running  nearly  parallel  to  this 
wall,  and  forming  its  face  in  certain  parts,  is  a  dike,  thirty  to  forty  feet 
wide,  of  mica-diorite.  It  projects  out  into  the  valley  in  the  direction  of 
the  Red  amphitheater,  but  could  not  be  traced  on  the  east  side. 

North  Mosquito  amphitheater. — The  Arcliean  exposures  at  the  head  of  the 
north  branch  of  Mosquito  gulch  may  properly  be  mentioned  here.  They 
consist  of  the  same  general  character  of  rocks — gneiss,  schist,  and  granite. 
On  its  north  wall  the  irregular  shading  of  the  dark  mass  produced  by  the 
white  pegmatite  veins  is  particularly  prominent.  The  coarse-grained  red 
porphyritic  granites  are  more  common  lower  down  the  canon,  while  towards 
the  crest  of  the  range  the  fine-grained,  eruptive-looking  granite  is  found, 
and  apparently  extends  through  to  the  west  side  at  the  head  of  Bird's  Eye 
gulch. 

In  the  neighborhood  of  the  little  lake  in  this  basin  many  dikes,  often 
of  the  interrupted  form,  were  observed,  the  more  important  of  which  have 
been  indicated  on  the  map.  East  of  the  lake,  in  the  center  of  the  amphi- 
theater, is  a  dike  of  Mosquito  porphyry,  similar  to  the  dike  No.  2  on  the  south 
face  of  Mount  Lincoln,  though  of  somewhat  lighter  color,  owing  to  a  differ- 
ence in  the  mica,  and  containing  more  ore  in  small  specks.  The  oxidation 
of  this  ore  gives  a  brown  color  to  the  weathered  feldspars,  which  when  fresh 
have  a  faint  pink  color.  Under  the  microscope  the  groundmass  is  seen  to  be 
fully  microcrystalline.  The  apatites  are  dusty.  The  only  mica  seems  to 
be  muscovite,  which,  judging  from  the  associated  yellowish  grains  and  rarer 
needles,  has  come  from  biotite.  Part  of  the  ore  seems  to  be  magnetite,  and 
part  is  entirely  decomposed.  The  quartz  grains  contain  fluid  inclusions. 
This  porphyry  is  cut  in  one  place  by  a  mica-porphyrite,  which  is  a  light- 
colored  rock,  containing  numerous  feldspars  in  a  dark-gray  groundmass. 
with  some  hexagonal  plates  of  dark-brown  biotite.  Quartz,  in  quite  large 
grains,  can  be  distinguished  by  close  examination.  Single  grains  of  pyrite 
are  scattered  through  the  rock.  Striations  are  distinctly  visible  on  many 
feldspars.  Under  the  microscope  plagioclase  is  seen  to  largely  predominate 
and  the  biotite  to  be  quite  fresh.  The  groundmass,  which  is  fully  crys- 
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talliiie,  is  composed  of  very  uniform  minute  grains  of  quartz  and  feldspar, 
with  mica  in  opaque  dots,  and  intrudes  in  bays  into  the  quartz  grains,  which 
are  quite  free  from  inclusions. 

To  the  northeast  of  the  lake  a  considerable  body  of  quartz-mica  por- 
phyrite  was  observed;  but  its  exact  form,  whether  a  large  dike  or  an  iso- 
lated mass,  could  not  be  determined.  It  closely  resembles  the  rock  already 
described  from  the  knoll  south  of  Democrat  Mountain.  It  is  extremely 
fine-grained,  but  of  very  dark  color,  owing  to  the  large  amount  of  biotite, 
and  contains  no  hornblende.  Many  other  eruptive  dikes  were  observed  on 
the  face  of  the  cliffs,  which  time  did  not  admit  of  studying  carefully.  Prom- 
inent among  these  is  a  dike  or  sheet  of  dark  porphyrite,  cutting  the  ridge 
which  divides  the  upper  part  of  the  amphitheater  into  halves. 


MIDDLE-EASTERN    DIVISION. 


This  division  includes  the  eastern  slopes  up  to  the'  crest  of  the  range, 
from  the  line  of  lower  Buckskin  Valley  south  to  that  of  Horseshoe  or  Four- 
Mile  Creek.  The  region  is  crossed  diagonally  by  the  line  of  the  London 
fault,  which  divides  it  into  two  parts  in  such  a  manner  that  there  is  a  repe- 
tition of  the  same  series  of  sedimentary  beds  exposed  in  the- canon  sections 
on  given  transverse  lines. 

Glacial  erosion. — Evidences  of  glacial  erosion  are  abundant  in  the  valleys 
of  all  the  streams  flowing  from  the  crest  of  the  range,  but  the  data  afforded 
by  Buckskin  and  Mosquito  gulches  is  so  definite  as  to  seem  worthy  of 
special  mention.  As  the  map  shows,  the  two  valleys  are  nearly  parallel 
and  similar  in  general  form,  in  that  their  main  course  in  the  Archean  rocks 
is  southeast,  the  glaciers  which  originally  filled  them  having  been  fed  by  a 
very  broad  ne've'-field,  filling  two  or  more  less  distinct  basins  at  their  head, 
and  that  in  their  lower  course,  where  they  reach  the  upturned  edges  of  the 
Paleozoic  strata  at  the  line  of  their  steepening  dip,  they  bend  sharply  to 
the  east  and  cross  these  strata  approximately  at  right  angles  to  their  strike. 
Just  above  the  bend  a  raised  bench  or  shoulder  is  found  on  the  south  side 
of  either  cafion,  several  hundred  feet  above  its  present  bottom,  which  is  evi- 
dently a  portion  of  a  former  valley  bottom,  and  marks  approximately  the 
level  to  which  the  valley  was  cut  out  by  the  glacier  which  once  filled  it. 
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In  Buckskin  Canon  this  bench,  which  has  been  cut  across  by  several 
minor  ravines,  is  not  sufficiently  regular  to  be  defined  by  the  contours  of 
the  map,  although  it  is  readily  apparent  to  the  eye.  That  in  Mosquito 
gulch,  however,  which  forms  a  practically  continuous  terrace  nearly  a  mile 
and  a  half  in  length  on  the  north  face  of  Pennsylvania  Hill,  is  shown  by  the 
topography  of  the  map,  and  is  about  seven  hundred  feet  above  the  bed  of 
the  present  stream.  It  has  about  the  same  slope  in  an  easterly  direction 
as  the  present  valley,  and  this  slope  carried  upward  corresponds  with  the 
present  bottom  of  the  South  Mosquito  amphitheater  above  the  London  fault, 
which  is  formed  by  gently-dipping  quartzites  and  schists  of  the  Weber 
Grits  formation  whose  angle  over  a  considerable  area  is  about  the  same  as 
that  of  the  bottom  of  the  basin.  On  the  rock  surfaces  of  the  flat  portion  of 
this  basin  glacial  grooves  and  strife  are  still  distinctly  to  be  seen,  showing 
that  but  little  erosion  has  taken  place  since  the  Glacial  epoch.  On  the  other 
hand,  in  the  neighborhood  of  the  fault  and  in  the  Archean  rocks  below  it, 
the  present  stream-bed  deepens  very  rapidly  and  the  valley  becomes  a  nar- 
row, winding,  V-shaped  gorge.  In  the  north  Mosquito  amphitheater,  which 
is  entirely  in  Archean  rocks,  the  upper  part  of  the  basin  (which,  owing  to 
its  great  elevation  and  the  consequent  low  temperature  that  prevails  in  it, 
suffers  but  little  abrasion  by  running  water)  remains  at  essentially  the  same 
level  as  the  South  Mosquito  amphitheater,  but  the  V-shaped  cutting  by 
present  streams  extends  back  much  farther  than  in  the  latter.  The  conclu- 
sion to  be  drawn  from  these  facts  is  that  the  eroding  force  of  glacier  ice  is 
a  power  so  great  as  to  be  comparatively  independent  of  the  materials  on 
which  it  acts,  while  that  of  running  water  varies  very  greatly  with  the  dif- 
ferent forms  and  characters  of  these  materials.  Thus  the  original  glacial 
cutting  of  lower  Mosquito  gulch  formed  a  comparatively  straight  and  regular 
valley,  but  the1  present  stream-bed  near  the  mouth  of  the  canon  makes  a 
bend  to  the  south,  around  a  boss  of  more  resisting  granite  on  the  north  side 
of  the  valley,  and  then  is  deflected  to  the  north  by  the  upturned  edges  of 
the  Paleozoic  strata  which  cross  its  course  diagonally. 

The  Mosquito  glacier,  as  might  be  expected  from  its  course,  left  its 
moraine  material  mainly  on  the  south  side  of  the  valley,  where  it  forms 
several  wooded  ridges  opposite  Park  City.  It  was  of  greater  extent  than 
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the  Buckskin  glacier,  and  probably  once  reached  down  to  the  Platte,  the 
actual  bottom  of  the  present  canon  being  from  one  hundred  to  two  hundred 
feet  lower  than  corresponding  portions  of  Buckskin  gulch.  Both  Mosquito 
and  Buckskin  gulches  open  out  into  alluvial  bottoms  below  the  catton 
mouth,  but  the  stream  in  the  latter  soon  runs  into  a  narrow,  winding  gor«-e, 
which  extends  for  a  mile  above  Alma.  The  connection  of  the  Buckskin 
glacier  with  the  Platte  glacier,  if  it  ever  existed,  must,  therefore,  have  been 
above  the  low  ridge  through  which  this  gorge  is  cut. 

Buckskin  section. — The  most  complete  and  instructive  sections  of  the  lower 
Paleozoic  beds  and  their  included  sheets  of  eruptive  rock  are  obtained  on 
the  walls  of  the  cafions  near  their  mouths,  just  before  the  beds  dip  down 
more  steeply  to  the  east  and  disappear  beneath  the  softer  slopes  of  the 
lower  rounded  hills  or  are  covered  by  the  alluvial  deposits  of  the  streams. 
That  on  the  south  .side  of  Buckskin  gulch,  just  about  the  deserted  town  of 
Buckskin  Joe,  is  represented  by  the  diagrammatic  sketch  given  in  Plate  XIII. 
The  total  height  of  the  cliff  above  the  valley  bottom  is  here  about  one  thou- 
sand feet. 

The  Archean  exposures  (a),  occupying  the  lower  portion,  are  largely 
concealed  by  huge  talus  slopes  of  debris,  which  in  some  places  extend  up 
so  high  as  to  cover  the  base  of  the  Cambrian,  while  the  Blue  Limestone  at 
the  top  of  the  cliff  is  covered  by  soil.  The  portion  represented  in  the 
sketch  shows,  therefore,  only  the  Cambrian  and  Silurian  beds  and  the 
manner  of  distribution  of  the  intrusive  sheets  of  porphyry  and  porphyrite. 
These  are  here  very  irregular  as  compared  with  sections  elsewhere,  which 
is  doubtless  due  to  the  fact  that  they  are  near  the  northern  limit  of  the  bodies, 
and  hence  that  the  intrusive  power  which  forced  them  between  the  beds  was 
already  diminishing  in  energy.  The  upper  bed  is  about  fifteen  to  twenty ' 
feet  in  thickness  and  consists  of  dark-green  hornblende-porphyrite,  of  the 
typical  variety  already  described  from  Mosquito  gulch.  As  shown  in  the 
plate,  it  varies  in  thickness  and  often  wedges  out,  its  continuation  occurring 
farther  on  at  a  slightly  higher  or  lower  horizon.  At  its  contact  with  the 
bounding  sedimentary  rocks  it  becomes  more  compact,  but  the  sedimentary 
beds  show  no  caustic  phenomena,  though  they  are  sometimes  slightly  con- 
torted. About  thirty  feet  below  this  is  a  second  intrusive  sheet,  also 


••;•<;•:•*  -.-.-?    .;•;,    •;  .<>£..• 


.V--V-  ••,'.->•,,   -*'  .-J»-J, 


;••:  «-.„,     -;.. 


' 


- 


-t 


'  v  'ffW  -        " 
'JH, 


— 


BUCKSKIN  SECTION.  129 

very  variable  in  thickness,  of  gray  quartz-porphyry,  like  the  Lincoln,  but 
without  its  large  feldspars  and  with  its  basic  silicates  generally  much  altered. 
Between  this  and  the  Archean  are  forty  to  fifty  feet  of  white  saccharoidal 
quartzite,  with  a  thin  bed  of  fine-grained  conglomerate  at  the  base,  wherever 
the  base  can  be  distinguished.  The  Archean  here  consists  of  a  dark  mica- 
gneiss,  approaching  a  mica-schist  in  structure. 

The  dark,  more  or  less  perpendicular  lines  on  the  sketch  represent 
shallow  ravines  on  the  face  of  the  cliff,  which  are  generally  fracture  planes 
across  the  beds,  accompanied  by  a  certain  amount  of  dislocation.  The 
principal  ravine  is  that  to  which  the  double  line  over  the  de'bris  pile  (which 
represents  a  raised  tramway  for  carrying  down  ore)  leads,  and  in  which  are 
the  now  deserted  workings  of  the  Northern  Light  mine.  This  fault  had  a 
movement  of  about  fifteen  or  twenty  feet,  and  the  ore  seems  to  have  been 
found  in  the  crevice  of  the  fault.  These  small  faults  were  probably  pro- 
duced by  the  general  dynamic  movement  in  which  the  rocks  were  folded, 
and  it  will  be  noticed  in  the  sketch  that  the  intrusive  sheets  are  faulted  in 
the  same  degree  as  the  inclosing  sedimentary  beds.  About  half  a  mile  west 
of  the  point  represented  on  the  sketch  is  a  prominent  fault  on  the  cliff,  with 
an  upthrow  to  the  west  of  about  one  hundred  feet.  The  direction  of  this 
fault,  as  of  the  minor  fracture  planes  in  the  sketch,  is  between  north  and 
northeast,  which  corresponds  with  those  observed  near  the  Criterion  mine, 
on  the  opposite  wall  of  the  gulch. 

East  of  the  Northern  Light  mine  the  beds  slope  rapidly  down  in  a 
graceful  curve  to  the  bed  of  the  gulch,  in  which  only  the  outcrops  of  the 
harder  and  more  silicious  beds  project  above  the  gravel.  The  former  min- 
ing town  of  Buckskin  Joe,  the  oldest  settlement  in  this  region  (now,  like  its 
companions,  Quartzville  and  Montgomery,  consisting  mainly  of  deserted 
cabins  and  mill  foundations),  is  situated  on  the  outcrops  of  the  base  of  the 
White  Limestone.  On  the  south  side  of  the  creek,  a  little  above  the  town, 
is  the  once  famous  Phillips  mine,  an  open  trench,  some  twenty  feet  wide  and 
in  places  as  many  deep,  cut  in  an  immense  concentration  of  iron  pyrites  along 
a  bedding  plane  of  the  Cambrian  quartzite.  In  one  place  a  decomposed 
quartz-porphyry  is  found  on  the  hanging  wall,  which  apparently  cuts  across 
the  formation,  as  it  is  also  found  in  the  creek  bed  near  the  bridge  at  a  some- 
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what  higher  horizon  than  the  ore  body.  This  porphyry  resembles  the  rock 
of  the  lower  intrusive  sheet  shown  in  the  sketch,  and  may  form  part  of  it, 
though  it  was  not  possible  to  trace  the  connection  between  the  two. 

Loveiand  Hill — Loveland  Hill  affords  an  excellent  illustration  of  the  often- 
observed  fact  that  the  deeper  transverse  valleys  often  follow  the  line  of  a 
minor  or  lateral  anticlinal  fold,  while  the  intermediate  hills  or  more  ele- 
vated region,  which  has  been  relatively  less  eroded,  is  the  locus  of  a  minor 
synclinal  fold. 

On  the  broad,  flat  back  of  this  hill  or  spur,  whose  slope  corresponds 
very  nearly  with  the  easterly  dip  of  the  sedimentary  beds,  is  a  shallow 
ravine  draining  into  Mosquito  gulch,  towards  which  there  is  a  very  per- 
ceptible dip  of  the  beds  from  either  side;  in  other  words,  the  strata  dip 
eastward,  and  at  the  same  time  dip  north  and  so'ith  towards  the  bottom  of 
this  valley.  The  larger  part  of  the  surface  of  the  hill  is  covered  by  beds 
of  Blue  Limestone  The  White  Limestone  comes  to  the  surface  at  its  upper 
end,  and  on  the  sharp  ridge  which  separates  the  north  Mosquito  amphi- 
theater from  Buckskin  gulch  are  the  remains  of  the  lowest  quartzite  beds 
of  the  Cambrian.  The  Blue  Limestone  has  been  extensively  prospected  for 
ore,  and  a  number  of  irregular  deposits  have  been  discovered,  generally 
occupying  gash  veins,  or  cross  joints  and  fault  planes  in  the  limestone. 
Numerous  irregular  bodies  of  porphyry  are  also  found.  Time  did  not 
admit,  however,  of  a  complete  study  of  these  beds  nor  of  the  ore  deposits. 
The  principal  facts  ascertained  will  be  found  in  the  description  of  mines  in 
Part  II,  Chapter  V. 

The  synclinal  ravine  already  mentioned  divides  the  hill  somewhat  un- 
equally into  a  northern  and  a  southern  portion.  The  former  forms  a  con- 
tinuous ridge,  which  extends  down  to  the  junction  of  Mosquito  Creek  with 
the  Platte  River  below  Alma.  East  of  the  mouths  of  the  canons  this  ridge 
is  comparatively  low  and  covered  with  forests  and  soil.  It  is  made  up  of 
beds  of  the  Weber  Grits  formation,  in  which  there  is  evidence  of  a  sec- 
ondary roll,  as  shown  in  Section  C,  Atlas  Sheet  VIII.  Along  the  steeper 
slopes  of  the  spur  between  Buckskin  Joe  and  Park  City  are  outcrops  of  a 
body  of  quartz-porphyry  of  the  Lincoln  type,  which  apparently  forms  a 
sheet  above  the  Blue  Limestone.  These  outcrops  are  not  very  continuous, 
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but  it  seems  probable  that  they  are  the  remains  of  a  sheet  that  once  cov- 
ered Loveland  Hill  in  an  analogous  manner  to  the  porphyry  sheets  on 
Mounts  Bross  and  Lincoln. 

By  the  erosion  of  the  synclinal  ravine  above  Park  City  the  White  Lime- 
stone is  exposed  in  its  bed  with  some  irregular  bodies  of  porphyry,  and  the 
southern  half  of  Loveland  Hill,  south  of  this  ravine,  ends  to  the  eastward  in 
a  cliff,  at  the  base  of  which  are  exposed  quartzites,  apparently  of  the  Cam- 
brian formation,  in  which  several  ore  bodies  have  been  found.  From  the 
base  of  this  cliff  the  formations  sweep  in  a  curve  across  Mosquito  gulch 
and  up  the  north  face  of  Pennsylvania  Hill.  The  Cambrian  and  Silurian 
outcrops  can  be  traced  in  the  bed  of  the  gulch,  dipping  eastward  at  angles 
of  20°  to  25°,  but  the  Blue  Limestone  outcrops  are  concealed  by  gravel 
and  alluvial  deposits  in  the  widening  valley  below. 

North  Mosquito  section. — The  cliffs  on  the  south  face  of  Loveland  Hill  afford 
a  section  of  the  lower  Paleozoic,  with  their  included  intrusive  sheets,  simi- 
lar to  but  even  more  perfect  than  that  on  its  northern  face  toward  Buckskin 
gulch.  Thin  sheets  of  interbedded  porphyry  and  porphyrite  can  be  traced 
along  them  for  nearly  two  miles  in  practical  continuity.  The  fault  which 
was  observed  on  either  side  of  Buckskin  gulch  is  not  found  on  this  cliff 
wall,  but  near  the  mouth  of  the  canon  is  a  more  remarkable  fault,  whose 
direction  is  at  right  angles  to  the  one  above  mentioned.  Seen  from  the  other 
side  of  the  canon,  the  strata  seem  to  slope  rapidly  eastward  until  they  abut 
against  the  western  side  of  a  little  knoll  of  granite,  which  projects  out  into  the 
valley  at  this  point  and  deflects  the  stream  to  the  southward.  When  one 
actually  climbs  the  cliff,  however,  it  is  found  that  there  is  a  reduplication  of 
the  lower  part  of  the  beds  ;  that  a  faulting  has  sheared  or  split  off  a  portion 
of  the  strata  on  a  southeast  line,  nearly  parallel  with  the  face  of  the  cliff; 
and  that  tlie  piece  thus  separated  has  apparently  fallen  down  at  its  eastern 
end  to  the  base  of  the  cliffs,  while  at  its  western  end  it  still  maintains  its 
connection  with  the  regular  line  of  outcrops.  In  Plate  XIV  is  given  a  dia- 
grammatic sketch  of  a  portion  of  this  cliff  toward  the  eastern  end,  where  the 
steeper  dips  come  in.  In  the  foreground  may  be  seen  the  faulted-down  beds 
referred  to  above,  which  form  a  low  ridge  or  shoulder,  standing  out  a  little 
distance  from  the  face  of  the  cliff.  Above  and  back  of  this  ridge  the  main 
cliff  rises  nearly  perpendicularly,  showing  the  regular  series  of  Cambrian 
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and  Silurian  beds  above  the  Archean,  the  softer  covered  slopes  on  the  top 
of  the  ridge  being  underlaid  by  the  Blue  Limestone.  The  section  from  the 
commencement  of  actual  cliff  slope  downwards  is  as  follows : 

Feet. 

Siluii.m  /  W|itc  Liuiest.oiie,  not  measured. 

\  Porphyrite,  25  feet. 

Quartzite  aud  shales 50 

Porphyry,  20  feet. 

Quartzite 50 

Quartz  P°rPbro'i 10  feet 


Cambrian <( 

Quartzite 25 

I  Altered  quartz-porphyry,  15  feet. 

j  Quartzite  with  flue  conglomerate  at  base ...    15 

140 

Archean Gueiss 

The  upper  intrusive  bed  is  the  normal  hornblende-porphyrite,  found 
also  on  the  opposite  side  of  Mosquito  gulch,  and  already  described  in  the 
Buckskin  section.  This  bed,  as  will  be  observed  in  the  sketch,  is  at  the 
base  of  the  White  Limestone  on  the  right,  and  above  this  horizon  in  the 
White  Limestone  on  the  left.  It  does  not,  however,  break  the  continuity 
of  the  sedimentary  beds  in  the  plane  of  this  section  as  it  passes  from  one 
horizon  to  another,  but  it  wedges  out  at  one  horizon  and  comes  in  again 
a  little  further  on,  also  in  a  wedge-shaped  body,  at  a  slightly  higher  horizon- 
The  rock  of  the  second  intrusive  bed  has  also  the  external  characters  of 
a  porphyrite,  and  has  been  indicated  as  such  in  the  sketch ;  but  micro- 
scopical examination  shows  it  to  belong  to  the  Green  Porphyry  type.  The 
third  bed  is  a  true  quartz-porphyry,  resembling  the  Lincoln  Porphyry,  but 
without  its  large  feldspars,  and  corresponds  to  the  sheet  in  the  Cambrian 
on  the  Buckskin  section.  The  lowest  sheet  is  also  a  quartz-porphyry,  but 
so  much  altered  that  not  much  can  be  said  as  to  its  probable  type. 

On  the  faulted-down  ridge  at  the  foot  of  the  cliff  the  Green  Por- 
phyry forms  the  top  rock,  and  the  main  bed  of  quartz-porphyry  below 
can  be  readily  traced ;  but  the  lower  one  is  less  distinct. 

The  chimney -like  ravines  which  furrow  the  face  of  the  cliff  probably 
follow,  as  on  the  Buckskin  section,  fracture  or  fault  planes.  In  the  one 
which  was  examined,  the  left  hand  of  the  three  from  which  the  debris  piles 
descend  in  the  sketch,  there  is  a  discrepancy  of  about  six  feet  in  the  beds 
on  either  side. 
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It  is  to  be  remarked  that,  as  the  scale  of  the  map  and  sections  was  too 
small  to  show  all  the  intrusive  sheets  mentioned  above,  they  have  there 
been  generalized  into  two  bodies,  one  of  porphyry  and  one  of  porphyrite. 

south  Mosquito  section. — On  the  south  wall  of  Mosquito  gulch,  opposite  the 
cliff  described  above,  a  similar  and  equally  instructive  cliff  section  is  found, 
in  which  however  there  is  no  great  fault ;  only  the  slight  dislocations  marked 
by  shallow  ravines,  common  to  all  the  cliff  sections.  The  beds  on  this  cliff 
were  examined  in  some  detail  and  careful  measurements  were  taken,  as  it 
was  considered  to  be  a  type  section.  The  series  from  the  top  of  the  cliff 
downwards  is: 

Feet. 

r  Coarse  granular  gray  limestone  i  with  black  chert 

I  Blue  lighter-colored  limestone.  1      seams 60 

Lower  Carboniferous  .  1  Light-bluish  limestone,  weathering  yellow 30 

I  Blue  limestone,  generally  thin-bedded 40 

130 

White  Parting  Quartzite,  heavy-bedded,  coarse  at 

top 40 

Porphyrite,2  feet,  thickeningto  20  feet  farther  west. 
Silurian  </  Limestones,  light  blue  at  top,  gray  semi-crystalline 

below;  more  silicious  and  shaly  towards  base  —  100 
Very  thin  blue  clay-shales,  with  shaly  quartzite. . .  10 
White  quartzite,  more  or  less  calcareous 30 

180 

Shales,  argillaceous  and  silicious,  containing  red- 
cast  beds  12 

Thin-bedded  quartzite,  with  shale  beds  few  inches 
thick : 14 

White  saccharoidal  quartzite 18 

Porphyrite,  G  feet  (thickens  to  the  eastward). 

White  saccharoidal  quartzite,  in  beds  from  4  inches 

to  4  feet 30 

Cambrian ^  Quartz  porphyry,  30  feet. 

White  saccharoidal  quarrzite,  massive  above,  thin- 
bedded  toward  base;  often  discolored  red  and 
brown  on  surface 35 

Quartz-porphyry,  altered,  7  feet. 

Quartzite,  iron-stained 1 

Quartz-porphyry,  altered,  8  feet. 

White  quartzite,  conglomerate  at  base 40 

150 

.     ,  i  Gneiss,  rich  in  mica 

'  (  Granite,  with  red  tabular  feldspars    
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In  the  above  section  the  top  of  the  Blue  Limestone  was  possibly  not 
reached,  as  it  forms  the  surface  of  the  hill,  and  may  have  been  partially 
removed  by  erosion.  The  thickness  given  of  130  feet  is  much  less  than  is 
found  in  the  vicinity  of  Leadville.  It  is  readily  seen  from  the  varying 
character  of  the  beds  at  the  base  of  the  Silurian  and  at  the  top  of  the  Cam- 
brian that,  in  the  absence  of  paleoutological  evidence,  it  is  difficult  to  draw 
a  definite  line  between  the  formations.  These  beds  were  deposited  at  a 
time  when  the.general  character  of  the  sediments  was  changing  from  sili- 
cious  to  calcareous,  and  the  rapidity  with  which  the  change  progressed  natu- 
rally varied  much  within  comparatively  short  distances.  The  Red-cast  bed, 
of  which  a  specimen  from  this  section  is  figured  in  Plate  V,  is  the  only  one 
whose  character  is  found  to  be  persistent  over  the  whole  area,  and  this  has, 
therefore,  been  adopted  provisorily  as  the  top  of  the  Cambrian.  The  aver- 
age strike  of  the  beds  is  north  and  south,  and  the  dip  varies  from  a  very 
low  angle  to  25°  east. 

The  rock  of  each  of  the  porphyrite  beds  is  of  the  typical  hornblende 
variety  figured  on  Plate  VII,  Fig.  2.  As  in  other  sections,  while  the 
porphyrite  is  continuous  on  a  large  scale  throughout  certain  horizons,  in 
detail  it  is  found  to  be  very  variable  in  form,  now  ending  on  one  bedding 
plane  in  a  tongue,  around  which  broken  masses  of  the  sedimentary  beds  are 
distributed  like  material  pushed  before  the  end  of  a  lava  flow,  and  then 
continued  a  few  feet  farther  on  another  bedding  plane.  Again  it  appears 
in  small  transverse  dikes,  probably  offshoots  from  the  interbedded  sheets. 
Of  these  the  most  prominent  is  at  the  horizon  of  the  Red-cast  beds,  standing 
vertically,  with  an  east  and  west  strike,  and  10  feet  thick.  There  are  two 
main  sheets  of  porphyrite.  The  upper  one  is  only  two  feet  thick  in  the  line 
of  section,  and  occurs  between  the  Parting  Quartzite  and  White  Limestone. 
As  it  rises  with  the  slope  of  the  beds  to  the  westward  it  gradually  thickens, 
becoming  17  to  20  feet  thick  at  the  point  where  it  reaches  the  top  of  the 
cliff,  and  here  occurring  between  the  Blue  Limestone  and  Parting  Quartzite. 
The  second  sheet  occurs  in  the  upper  part  of  the  Cambrian,  being  only  six 
feet  on  the  line  of  section,  but  thickening  to  the  eastward. 

The  rock  of  the  porphyry  sheets  is  so  much  decomposed  that  it  cannot 
be  definitely  decided  whether  it  is  more  closely  allied  to  the  Lincoln  or  to 
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the  Sacramento  type,  occurring  as  it  does  in  geographically  debatable 
ground,  or  about  at  the  limits  of  the  extent  of  either  variety.  They  occur 
in  the  lower  part  of  the  Cambrian,  the  .upper  sheet  being  30  feet  thick  on  the 
line  of  the  section,  above  which  is  a  long  dike  about  three  feet  thick,  proba- 
bly an  offshoot  from  it.  The  lower  sheet,  which  on  this  line  has  a  thin  bed 
of  quartzite  included  in  its  mass,  is  15  feet  thick,  and  is  found  a  little  farther 
west  without  any  included  quartzite.  This  lower  porphyry  sheet  extends 
westward  along  the  north  face  of  Pennsylvania  Hill  as  far  as  the  London 
fault. 

Pennsylvania  Hiii. — This  name  has  been  given  to  the  broad,  flat-backed 
spur  included  between  Mosquito  and  Big  Sacramento  gulches.  Like  its 
neighbor,  Loveland  Hill,  it  is  the  locus  of  a  slight  synclinal  fold,  which 
forms  a  shallow  ravine  on  its  back  drained  by  Pennsylvania  Creek  Except- 
ing along  the  cliff  walls  of  the  adjoining  canons,  it  affords  but  few  good  rock 
exposures,  since  its  surface  and  that  of  the  spurs  which  run  down  from  it 
to  the  valley  of  the  Platte  are  densely  covered  with  forest  growth  and  soil. 
The  varying  direction  of  dips  observed  in  the  sandstones  of  the  Weber 
Grits  which  form  the  lower  spurs  gives  evidence  of  one  or  more  secondary 
rolls  or  folds  in  the  outlying  strata,  as  indicated  in  somewhat  generalized 
form  on  Sections  D  and  E,  Atlas  Sheets  VIII  and  IX.  The  most  definite 
evidence  is  found  on  the  hill  south  of  Park  City,  known  to  the  miners  as 
Baldhead.  The  northeast  slopes  of  the  hill  and  many  of  the  lower  hills 
extending  eastward  from  it  are  made  up  of  moraine  material  from  the  ancient 
Mosquito  glacier.  The  various  porphyry  bodies  found  in  this  wooded  re- 
gion, of  which  only  the  more  prominent  are  indicated  on  the  map,  are  gen- 
erally very  much  decomposed.  When  their  character  could  be  still  recog- 
nized they  were  found  to  belong  to  the  Sacramento  type.  They  have  gen- 
erally a  greenish  color,  due  to  the  peculiar  alteration  of  the  basic  constitu- 
ents of  the  rock.  Above  timber-line  the  slope  of  the  hill  corresponds  so  closely 
with  that  of  the  stratification  planes  that  good  outcrops  are  only  to  be  found, 
as  a  rule,  on  the  cliff  faces  to  the  north,  west,  and  south.  The  shallow  ravine 
on  its  back  divides  it  into  two  portions,  on  the  northern  of  which  the  beds 
have  the  prevailing  strike  already  observed,  viz,  about  north  and  south.  On 
the  southern  portion,  on  the  other  hand,  the  strike  is  about  20°  west  of  north, 
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and  to  this  change  of  strike  the  synclinal  structure  observed  may  be  in  part 
due. 

Along  the  northern  wall,  west  of  the  Mosquito  section  just  described, 
the  Cambrian  and  Silurian  strata  form  a  thin  capping  to  the  Archean  cliffs. 
At  the  western  point  of  the  hill  decomposed  porphyry  is  still  traceable  in 
the  Cambrian,  but  at  the  very  highest  point,  near  the  line  of  the  London 
fault,  only  White  Limestone  is  found  at  the  surface.  This  can  be  seen  to 
bend  over  in  an  anticlinal  fold  before  it  is  cut  off  by  the  fault,  and  a  promi- 
nent quartzite  crag,  which  will  be  described  later,  is  assumed  to  be  a  portion 
of  the  Parting  Quartzite  which  has  escaped  erosion,  standing  in  a  vertical 
position  on  the  west  side  of  this  anticline  and  adjoining  the  fault  plane. 

On  the  south  face  of  the  cliff  overlooking  Big  Sacramento  gulch  an 
eminence  of  the  ridge  just  east  of  the  fault  line  is  capped  by  a  body  of 
Sacramento  Porphyry  about  one  hundred  feet  in  thickness.  Over  this,  on 
the  eastern  flank  of  the  ridge,  whose  slope  is  but  little  steeper  than  that  of 
the  strata,  are  further  beds  of  white  quartzite,  succeeded  lower  down  by 
the  overlying  White  Limestone.  This  white  quartzite  therefore  represents 
the  Cambrian  formation,  and  the  Sacramento  Porphyry  an  interbedded  sheet, 
here  locally  developed  in  unusual  thickness.  At  the  foot  of  the  steeper 
eastern  slope  of  the  ridge  is  found  the  Blue  Limestone,  over  which  is  a  bed 
of  decomposed  Sacramento  Porphyry,  almost  identical  with  that  which  is 
characteristically  developed  in  the  Sacramento  mine  on  the  same  horizon. 
Zones  of  decomposition  are  characteristically  marked  on  this  rock  by  con- 
centric lines,  stained  red  by  oxide  of  iron,  the  very  kernel  of  the  larger 
blocks  sometimes,  though  rarely,  showing  the  original  bluish  color  of  the 
unaltered  porphyry. 

London  fault. — The  region  thus  far  described  has  been  one  comparatively 
free  from  faults,  the  movements  of  displacement  being,  as  it  were,  within  the 
beds,  and  generally  not  more  than  one  hundred  feet  in  amount;  move- 
ments which  have  exerted  no  perceptible  influence  on  the  character  of  the 
topography  and  have  made  comparatively  little  change  in  the  geological 
outlines. 

South  of  Mosquito  gulch  the  eastern  slopes  of  the  range  are  divided 
by  one  great  fault  line  running  diagonally  across  them,  and  finally  dying  out 
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at  the  southeastern  corner  of  the  map.  This  is  the  London  fault,  so  called 
from  the  hill  dividing  the  two  heads  of  the  Mosquito  gulch,  through  which 
it  passes.  Its  effects  can  be  readily  traced  by  the  traveler  who  approaches 
Leadville  over  the  Mosquito  pass.  The  Mosquito  pass  road,  following  up 
the  valley  bottom  of  the  north  fork  of  Mosquito  gulch,  winds  up  the  steep  west 
wall  of  the  gulch  and,  passing  through  the  narrow  notch  between  London 
Hill  and  the  main  crest  of  the  range,  ascends  gradually  in  a  southwest  direc- 
tion to  the  Mosquito  pass.  Up  to  the  point  where  it  reaches  the  northwest 
wall  of  London  Hill  the  rocks  around  are  of  gneiss  and  granite ;  from  there 
to  the  summit  of  the  pass  is  a  confused  mass  of  huge  loose  blocks  of  coarse 
quartzitic  sandstone  and  fine-grained  porphyry,  in  which  it  requires  a  trained 
eye  to  distinguish  any  definite  structure  lines,  although  the  change  in  the 
character  of  the  rocks  is  evident  to  all.  Looking  south  from  the  road  across 
the  broad  basin  of  the  South  Mosquito  amphitheater,  the  eye  is  at  once 
attracted  by  the  peculiar  appearance  of  the  ridge  which  forms  its  south  wall. 
This  is  the  summit  of  Pennsylvania  Hill.  As  seen  from  this  distance,  paral- 
lel with  the  regular  and  comparatively  gentle  slope  of  its  surface  eastward 
there  can  be  distinguished  along  its  upper  wall  a  few  horizontal  lines  mark- 
ing the  bedding  planes  of  the  Paleozoic  strata,  below  which  the  steep  face 
of  the  hill  shows  no  definite  structure  lines  on  its  rocky  surface,  save  those 
which  mark  the  talus  slopes  of  broken  rock  accumulated  towards  its  base. 
The  smooth,  regular  slope  is  broken  at  its  crest  by  a  dark  knob,  around 
which  the  rocks  are  greatly  discolored,  and  the  debris  from  which  presents 
brilliant  hues  of  yellow  and  red.  West  of  the  knob  the  outline  of  the  hill 
presents  terrace-like  escarpments,  descending  nearly  to  the  level  of  the 
amphitheater.  The  face  of  this  portion  of  the  hill  shows  regular  stratifica- 
tion lines,  dipping  eastward  at  an  angle  of  20°,  which  can  be  seen  with 
great  distinctness  to  its  very  base,  where  they  are  concealed  by  the  talus 
slopes.  All  end  abruptly  to  the  east  before  reaching  the  discolored  knob. 
This  break  in  the  continuity  of  the  stratification  lines,  or  of  the  beds  which 
they  outline,  is  evident  at  the  first  glance,  as  marking  the  line  of  a  great 
fault  plane.  The  evidence  of  the  existence  of  this  fault  can  be  seen  with 
equal  distinctness  on  the  walls  of  the  canon  gulches  to  the  south  of  Mos- 
quito gulch,  although  in  either  case  the  conditions  vary,  both  in  the  hori- 
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zon  of  the  juxtaposed  beds  on  either  side  of  the  fault  and  in  other  struct- 
ural outlines.  Although  its  existence  is  so  evident,  yet  its  actual  position 
cannot  be  determined  with  absolute  accuracy,  the  possible  error  of  location 
varying  under  different  conditions  from  ten  to  one  hundred  or  even  two 
hundred  feet.  The  reason  for  this  uncertainty  is  found  in  the  fact  that  the 
surface  rocks  in  the  immediate  neighborhood  of  the  fault  are  generally  so 
much  altered  and  decomposed  that  their  structure  planes  cannot  be  traced, 
and  that  the  fault  plane  has  not  been  cut  by  any  underground  explora- 
tions. The  direction  of  the  fault,  as  determined  from  points  where  it  crosses 
ridges  or  gulches,  varies  from  N.  15°  W.  to  N.  45°  W.,  its  average  direction 
being  N.  30°  W.  or  NW.  magnetic.  The  great  S-shaped  anticlinal  fold 
which  is  everywhere  found  in  close  proximity  to  the  fault  lias  the  same 
general  direction  ;  nevertheless  the  two  directions  do  not  seem  to  be  coinci- 
dent for  any  long  distance,  but  diverge  a  little  from  each  other,  so  that  the 
fault  cuts  the  fold,  now  in  one  part,  now  in  another,  but  generally  west  of 
the  anticlinal  axis.  Thus  from  Pennsylvania  Hill  to  Sheep  Mountain  it 
corresponds  closely  with  the  axis  of  the  syncline  to  the  west  of  the  great 
anticline ;  south  of  Sheep  Mountain  it  gradually  approaches  the  anticline, 
until  at  the  extremity  of  the  ridge  both  fault  and  fold  die  out.  North  of 
Pennsylvania  Hill  the  line  of  the  fault  has  a  more  easterly  direction  than 
that  of  the  fold,  and  on  London  Hill  it  cuts  the  fold  east  of  the  synclinal 
axis,  and  a  little  beyond  it  may  very  nearly  coincide  with  the  anticlinal  axis ; 
but,  as  the  sedimentary  beds  have  been  entirely  eroded  away  from  above  the 
Archean,  it  is  no  longer  possible  to  determine  the  position  of  this  axis.  The 
amount  of  displacement  occasioned  by  this  fault  can  only  be  determined 
approximately,  since  the  fact  of  its  near  coincidence  with  the  anticlinal 
fold  introduces  an  unknown  factor,  viz,  the  amount  of  apparent  displace- 
ment that  may  be  due  to  actual  plication.  The  reason  of  this  can  best  be 
understood  by  reference  to  Sections  C,  D,  E,  F,  G,  and  H,  on  Atlas  Sheets 
VIII  and  IX,  which  are  drawn  to  scale  and  have  been  constructed  with 
great  care  from  observed  outcrops,  dips,  and  thicknesses  of  formations. 
The  movement  of  displacement,  as  shown  in  these  sections,  which  is  prob- 
ably a  minimum,  averages  a  little  over  two  thousand  feet. 


MOSQUITO  PEAK  TO  MOUNT  EVANS. 

The  description  of  the  geological  character  of  the  region  west  of  the 
fault  will  now  be  resumed  in  topographical  order  as  it  has  been  carried  on 
hitherto,  taking  up  alternately  the  canon  sections  and  intermediate  ridges  in 
regular  succession  as  one  goes  south. 

Main  crest  from  Mosquito  Peak  to  Mount  Evans. Oil  the  main  Crest  of  the  rangfe, 

o    ' 

at  the  head  of  the  south  half  of  the  North  Mosquito  Amphitheater,  the  fault 
line  is  well  marked  by  a  sudden  change  from  limestone  to  a  coarse  red 
granite,  in  the  saddle  or  notch  between  Mosquito  Peak  and  the  peak  next 
north  of  it.  The  upper  tunnel  of  the  Little  Corinne  mine,  on  the  north  face 
of  Mosquito  Peak,  is  run  near  the  top  of  the  Blue  Limestone;  above  this  are 
1'2  feet  of  White  Porphyry,  while  the  lower  tunnel  of  the  same  mine  is  in 
White  Limestone.  The  shales  and  quartzites  of  the  Weber  Grits  formation 
form  the  summit  of  the  peak,  included  in  which  is  a  thin  bed  of  Sacra- 
mento Porphyry. 

From  Mosquito  Peak  southward  to  Mount  Evans  the  main  crest  of 
the  range  is  a  nearly  straight  ridge,  steeply  escarped  on  the  west.  At 
the  base  of  this  escarpment  runs  the  Mosquito  fault,  by  whose  displace- 
ment the  Archean  schists  have  been  thrust  up  into  juxtaposition  with  the 
beds  of  Weber  Grits  formation  on  the  west.  The  beds  of  the  lower  Paleo- 
zoic series  can  be  traced  along  the  summit  of  this  wall,  descending  gradually 
to  the  southward,  until  under  Mount  Evans,  in  the  Evans  amphitheater,  they 
are  found  at  the  base  of  the  slope.  In  this  extent  there  is  a  slight  break 
in  their  continuity,  occasioned  by  a  transverse  fault  in  a  little  ravine  just 
south  of  the  zigzags  of  the  Mosquito  grade.  The  thin  sheet  of  White  Por- 
phyry lying  above  the  Blue  Limestone,  which  is  observed  at  Mosquito 
Peak,  disappears  before  reaching  Mosquito  pass;  but  the  sheet  of  Sacra- 
mento Porphyry  10  feet  thick,  which  occurs  in  the  lower  portion  of  the 
Weber  Grits,  apparently  at  the  summit  of  the  shale  division  of  this  formation, 
gradually  thickens  to  the  southward,  and  on  the  eastern  wall  of  the  Evans 
amphitheater  it  suddenly  widens  out  into  a  body  five  hundred  to  seven  hun- 
dred feet  in  thickness.  Owing  to  the  sharp  contrast  of  the  angular  and 
almost  Gothic  forms,  into  which  this  mass  weathers,  with  the  horizontal 
lines  of  the  bounding  sedimentary  beds,  its  outlines  can  be  readily  distin- 
guished even  from  so  great  a  distance  as  Leadville  itself,  and  would  be  seen 


140  GEOLOGY  AND  MINING  INDUSTRY  OF  LBADVILLB. 

in  the  heliotype  view  on  page  6  had  the  photographic  picture  been  equally 
distinct  with  that  which  is  formed  on  the  eye  of  the  observer.  At  the  point 
where  the  Mosquito  grade  descends  this  steep  western  wall  the  Lower  Quartz- 
ite  comes  in  contact  with  Weber  Grits  on  the  west  of  the  fault,  but  to  the 
north  and  south  of  this  point  Archean  exposures  intervene  between  the  base 
of  the  Paleozoic  and  the  line  of  the  Mosquito  fault 

On  the  crest  of  the  ridge  are  two  irregular-shaped  bodies  of  Sacramento 
Porphyry  at  a  higher  horizon  than  the  sheet  already  mentioned,  which  are 
supposed  to  be  the  relics  of  a  second  intrusive  sheet.  The  first  of  these 
forms  the  summit  of  the  peak  next  south  of  the  Mosquito  Peak,  and  can  be 
traced  down  its  eastern  slope  across  the  Mosquito  grade.  The  second  forms 
the  crest  of  the  ridge  for  some  little  distance  south  of  Mosquito  pass.  In 
the  saddle  west  of  London  Hill  the  road  crosses  another  exposure  of  por- 
phyry, which  is  supposed  to  be  the  outcrop  of  the  lower  sheet  of  Sacra- 
mento Porphyry  exposed  along  the  western  face  of  the  crest;  while  in  the 
sharp,  prow-like  point  of  London  Hill  is  another  interbedded  sheet  of  Sacra- 
mento Porphyry,  which,  as  indicated  in  Section  C,  is  presumed  to  be  a  con- 
tinuation of  the  upper  body,  which  is  found  on  the  crest  of  the  range. 

South  Mosquito  amphitheater. — The  bed  of  this  basin  is  formed  by  coarse 
sandstones  and  grits  of  the  Weber  formation,  dipping  20°  to  the  east  with 
its  slope.  On  the  exposed  faces  of  these  beds  glacial  grooves  and  striae 
are  often  very  distinct.  In  the  sandstones  are  various  beds  of  porphyry, 
and  among  the  debris  piles  of  huge  rock  fragments  split  off  by  ice  and 
frost,  which  form  the  steep  slopes  of  the  eastern  and  southern  walls,  por- 
phyry forms  an  important  element.  Time  did  not  admit  of  tracing  out 
the  outlines  and  relations  of  all  these  porphyry  bodies,  and  the  structure 
given  on  the  map  and  sections,  which  assumes  that  the  lower  sheet  which  out- 
crops along  the  west  side  of  the  crest  of  the  range  once  extended  over  the 
whole  basin,  may  be  only  partially  correct. 

Sacramento  amphitheater.  —  Big  Sacramento  gulch,  like  those  to  the  north  of 
it,  was  once  occupied  by  a  glacier,  and  the  amphitheater  at  its  head,  like 
that  of  the  South  Mosquito,  has  been  probably  but  little  deepened  since 
Glacial  time.  The  deeper  cutting  of  the  present  stream  extends  some  little 
distance  above  the  fault;  below  the  fault  line  the  bottom  opens  out  into 
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springy  meadows  and  then  closes  together,  as  it  bends  to  the  southward, 
between  gravelly  ridges  which  are  evidently  the  remains  of  former 
moraines  and  which  extend  below  the  junction  with  Little  Sacramento. 
Owing  to  the  dense  growth  of  forest  on  these  ridges,  however,  the  actual 
lower  limits  of  the  glacier  are  not  easily  determined.  About  a  mile  above 
the  line  of  the  fault  the  narrow  bottom  of  the  present  stream  ends  in  shelf- 
like  terraces  of  white  sandstone,  above  which  the  valley  opens  out  into  the 
broad  basin  of  the  Sacramento  amphitheater.  On  the  face  of  this  terraced 
wall,  and  about  opposite  the  western  point  of  Pennsylvania  Hill,  are  two 
dolomitic  limestone  strata:  the  lower  one,  a  dark-gray  semicrystalline  rock, 
with  clayey  seams,  is  about  ten  feet  in  thickness;  the  second,  sixty  feet 
above  this,  is  only  six  to  eight  feet  in  thickness,  of  similar  color  and  also 
associated  with  clay  shales,  the  intervening  beds  being  of  coarse  Weber 
sandstones.  Among  the  fossils  found  here  were  identified 
Prodnctus  costatus  and  Athyris  subtilita. 

Ascending  the  stream  farther,  successive  beds  of  white  sandstone  are 
crossed  until  the  great  body  of  Sacramento  Porphyry  is  reached,  which  in 
a  probable  thickness  of  twelve  hundred  feet  forms  either  wall  of  the  amphi- 
theater. The  upper  extremity  of  the  amphitheater  was  not  explored,  but 
from  information  and  specimens  furnished  by  Mr.  J.  T.  Long  sufficient 
evidence  was  obtained  to  justify  the  indication  of  an  outcrop  of  Blue  Lime- 
stone below  the  Sacramento  Porphyry  at  its  deepest  part.  The  fossils 
obtained  by  him  from  here,  besides  the  uncharacteristic  Athyris  subtilita, 
included  the  new  Spirifera,  like  Spirifera  Kentuckensis,  which  has  not  yet 
been  found  at  a  higher  horizon  than  the  Blue  Limestone.  Among  minerals 
small  yellow  crystals  of  pyromorphite  were  found  with  the  specimens  of 
ore  obtained  from  this  horizon. 

London  Hill. —  The  line  of  the  London  fault  crosses  London  Hill  diago- 
nally about  seven  hundred  feet  west  of  the  summit,  in  such  a  manner  that 
the  greater  part  of  the  steep  northern  slopes  is  occupied  by  Archean  rocks, 
with  only  the  extreme  eastern  end  made  up  of  easterly  dipping  quartzites  of 
the  Weber  Grits  formation,  whereas  on  the  south  side  the  latter  extend  over 
two-thirds  of  the  lower  slopes.  From  the  saddle  north  of  Mosquito  Peak 
the  London  fault  runs  southeast  to  a  point  in  the  raised  basin  north  of  the 
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London  mine,  then  bends  more  to  the  southward  across  London  Hill.  Under 
Mosquito  Peak  the  beds  lie  in  a  shallow  synclinal,  with  the  Blue  Limestone 
rising  up  gently  to  the  eastward  against  the  line  of  the  fault.  On  the  south- 
east slope  of  this  peak  the  limestone  forms  a  cliff  wall,  rising  abruptly  above 
the  granite  on  the  other  side  of  the  fault,  thus  affording  another  illustration 
of  the  fact  that  flat  beds  resist  erosion  more  from  the  fact  of  their  horizon- 
tality  than  from  any  greater  resisting  power  of  the  materials  which  com- 
pose them.  Half  way  between  Mosquito  Peak  and  London  Hill,  near  the 
New  York  mine,  a  thin  bed  of  White  Porphyry  is  found  at  the  base  of  the 
cliff  under  the  limestone;  the  outcrops  of  the  formations  cannot  be  traced 
continuously  to  London  Hill,  as  its  lower-  slopes  are  covered  by  a  great 
thickness  of  debris. 

The  London  mine  at  the  time  of  visit  was  opened  by  two  tunnels,  one 
above  the  other,  a  short  distance  west  of  the  line  of  the  fault.  The  lower 
tunnel,  at  the  base  of  the  hill,  after  passing  through  a  great  thickness  of 
debris,  consisting  of  large  rock  fragments  frozen  into  so  solid  a  mass  as  to 
require  blasting,  follows  the  stratification  planes  of  nearly  vertical  beds  of 
light-colored  limestone,  whose  strike  is  a  little  more  to  the  west  of  north 
than  the  direction  of  the  fault  plane.  The  dip  of  the  strata  is  a  little  wot 
of  the  vertical.  Between  the  beds  of  limestone  is  a  compact  White  Por- 
phyry, which  can  in  the  mine  hardly  be  distinguished  from  the  limestone, 
especially  as  it  effervesces  with  acid ;  it  contains,  however,  occasional  dark 
flakes  of  mica,  and  chemical  tests  placed  its  character  beyond  a  doubt, 
though  it  contains  a  percentage  of  soluble  matter,  mainly  carbonate  of  lime 
with  a  little  magnesia  (10  per  cent,  in  the  specimen  tested),  which  is  too 
high  to  have  come  from  the  decomposition  of  feldspar  alone,  and  must, 
therefore,  be  supposed  to  be  an  infiltration  from  the  inclosing  limestone.*. 
The  limestones  adjoining  the  porphyry  to  the  east  are  very  light  colored  and 
contain  over  10  per  cent,  of  silica,  which  is  about  the  normal  percentage  of 
the  upper  part  of  the  White  Limestone.  As  the  ore  deposits  follow  the 
stratification  planes,  not  much  exploration  has  been  done  across  the  strata, 
and  owing  to  the  metamorphosed  condition  of  the  rocks  exact  determina- 
tions of  horizon  were  not  practicable.  It  may  be  assumed,  however,  that 
the  ore  deposits  of  the  London  mine  occur  in  the  upper  part,  if  not  at  the 
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very  top,  of  the  White  Limestone.  On  the  hill  above,  it  can  be  seen  that  the 
fault  line  crosses  the  ends  of  the  upturned  strata  at  a  very  acute  angle.  ' 

The  point  where  the  easterly-dipping  Weber  Grits  beds  change  their 
inclination  to  a  sharp  western  dip,  as  they  must  to  allow  of  the  coming  up  of 
the  underlying  Blue  and  White  Limestones,  as  shown  in  Section  C,  is  not 
very  sharply  defined.  Some  beds  of  Blue  Limestone  can  be  distinguished 
between  them  and  the  fault  line,  but,  while  there  was  not  time  for  exact 
measurements,  and  these  could  hardly  have  been  made  without  a  map,  which 
was  entirely  wanting  at  the  time  of  field  work,  it  seems  most  probable  that 
these  upturned  beds  have  been  actually  compressed  against  the  fault  plane 
to  a  smaller  thickness  than  they  have  in  a  more  horizontal  position. 

The  southwest  slopes  of  London  Hill  contained  no  mine  openings,  and 
were  too  much  covered  by  soil  and  debris  to  show  clearly  defined  structure 
lines,  though  the  sandstone  beds  of  the  Weber  Grits  formation  were  seen 
to  change  their  dip  from  20°  to  50°.  At  the  point  where  the  old  wagon  road 
descends  into  the  deeper  valley  of  the  south  fork  of  the  Mosquito  gulch  the 
actual  fault  line  can  be  distinguished,  a  tunnel  having  been  run  in  the  decom- 
posed and  highly  metamorphosed  slates  and  quartzites,  which  here  directly 
adjoin  the  granite  beyond  the  fault.  This  point  of  contact  bears  only  10° 
W.  of  N.  from  the  dark  crag  on  Pennsylvania  Hill,  which  is  nearly  on  the 
line  of  the  fault.  It  is  evident,  therefore,  that  there  is  a  sharp  bend  in  the 
direction  of  the  fault  at  this  point,  even  more  marked,  perhaps,  than  that 
which  is  indicated  on  the  map,  though,  as  the  position  of  the  tunnel  has  not 
been  determined  instrumentally,  nor  the  old  road  located  on  the  map,  it  is 
not  possible  to  fix  absolutely  the  position  of  this  bend.  Here  for  some 
distance  to  the  west  of  the  fault  line  the  strata  stand  not  only  vertically, 
but  have  an- inclination  of  50°  to  the  west;  the  strike,however,  is  Approxi- 
mately the  same  as  elsewhere,  viz,  about  N.  20°  W.  Thicknesses  of  about 
two  hundred  feet  of  vertical  strata  are  exposed,  so  much  altered  that  their 
lithological  character  can  with  difficulty  be  distinguished.  They  include 
shales  and  some  silicious  beds,  with  one  bed  of  limestone.  A  short  distance 
to  the  west  of  the  fault  the  characteristic  sandstones  of  the  Weber  Grits 
are  met,  with  the  regular  dip  of  20°  to  the  northeast.  It  seems  evident 
that  the  structure  here  is  the  same  as  that  just  described  at  the  London 
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mine,  viz,  that  these  much  metamorphosed  and  vertical  beds  are  the  lower 
Paleozoic  strata  coming  up  from  under  a  sharp  syncline,  compressed  and 
altered  beyond  recognition  by  the  dynamic  movement  at  the  time  of  and 
subsequently  to  the  faulting.  This  would  seem  at  first  glance  to  be  an 
explanation  inconsistent  with  that  which  is  offered  for  the  conditions  which 
obtain  on  Pennsylvania  Hill,  on  the  opposite  side  of  the  gulch  ;  but  the  fact 
that  the  fault  line  comes  in  the  one  case  east  of  the  synclinal  axis  and  in 
the  other  nearly  coincides  with  it,  and  the  supposition  that  compression  sub- 
sequent to  the  faulting  has  not  only  produced  sufficient  heat  to  alter  the 
original  character  of  the  beds,  but  has  steepened  the  dips  of  the  already 
inclined  beds  and  actually  made  them  thinner,  sufficiently  explain  the  appar- 
ent incongruity. 

Pennsylvania  Hiii  west  of  London  fault. — The  western  end  of  Pennsylvania  Hill, 
through  which  the  London  fault  runs,  is  deserving  of  detailed  description. 
Its  structure  is  shown  in  section  D,  with  the  ideal  position  of  the  beds 
in  depth.  The  observed  facts  are  these :  Ascending  the  wedge-shaped 
western  point  of  the  ridge  from  the  saddle  which  divides  South  Mosquito 
from  Sacramento  amphitheater,  one  crosses  a  regular  series  of  sedimentary 
beds,  dipping  20°  to  the  eastward,  with  two  interbedded  sheets  of  porphyry 
apparently  conformable  with  the  sedimentary  beds.  The  ridge  has  almost 
perpendicular  walls  both  to  the  north  and  south,  on  which  the  structure 
lines  can  be  distinctly  seen.  The  horizon  of  the  beds  which  cap  the  divid- 
ing saddle  at  the  base  of  the  ridge  is  estimated  to  be  150  or  200  feet  higher 
than  the  limestone  beds  which  occur  about  the  middle  of  the  Weber  Grits 
formation.  About  half  way  up  the  steep  western  slope,  which  is  mainly 
composed  of  coarse  sandstone  with  some  few  intercalated  beds  of  shale,  is  a 
body  of  interbedded  Sacramento  Porphyry,  of  a  thickness  of  15  to  20  feet. 
Near  the  top  of  this  steeper  slope  is  a  bed  of  black  sandstone,  composed  of 
white  quartz  sand  and  fine  grains  of  carbonaceous  material  in  the  nature  of 
anthracite  or  graphite,  which  is  very  characteristic  of  this  formation.  The 
very  summit  of  the  steeper  ridge  is  formed  by  a  second  body  of  porphyry,  a 
fine-grained  gray  rock  with  conchoidal  fracture,  resembling  the  Silverheels 
Porphyry,  whose  thickness  is  25  to  30  feet.  Above  the  steeper  slope 
of  the  ridge  the  surface  is  nearly  flat  and  widens  out  so  that  the  succeeding 
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beds  can  only  be  observed  along  the  cliff  faces.  Above  the  porphyry  is  a 
body  of  purple  silicious  shales,  succeeded  by  white  sandstone,  with  an  occa- 
sional band  of  black  sandstone  similar  to  that  already  described.  Prom- 
inent among  these  sandstones  is  a  very  coarse  conglomerate,  with  large 
pebbles  of  quartz  and  fragments  of  Archean  schists  and  granite.  As  one 
proceeds  east  the  dip  of  the  beds  steepens  slightly,  perhaps  to  about  25°, 
till,  on  approaching  within  two  hundred  yards  of  the  fault,  it  changes — 
apparently  with  great  suddenness — to  a  practically  vertical  angle.  At  the 
same  time  the  beds  are  found  to  be  greatly  decomposed  and  stained  a  red- 
dish-yellow color.  These  beds  being  much  more  readily  disintegrated,  the 
structure  lines,  when  seen  close  to,  become  indistinct,  being  masked  by 
debris.  They  consist,  as  well  as  can  be  determined,  of  shales  and  sand- 
stones, with  one  belt  of  blue  limestone,  immediately  adjoining  the  dark 
knob  on  the  west,  which  has  a  thickness  of  about  eight  feet,  adjoining  which 
is  a  bed  of  White  Porphyry.  The  dark  knob,  which  forms  so  prominent  a 
feature  on  the  north  wall  of  the  hill,  is  white  quartzite,  50  feet  or  more 
in  thickness,  which  on  its  eastern  side  is  singularly  altered.  It  has  here 
become  a  light  frothy  mass  of  cavernous  quartz.  Careful  examination  shows 
that  this  quartzite,  though  the  main  mass  stands  vertical,  probably  arched 
over  to  the  eastward,  and  therefore  forms  a  part  of  the  anticlinal  fold  which 
adjoins,  the  fault  on  this  side.  The  flat  summit  of  the  hill  east  of  this  point 
is  made  up  of  beds  of  White  Limestone,  included  in  which  is  a  reddish 
decomposed  porphyry.  The  actual  curving  of  the  White  Limestone  can 
scarcely  be  distinguished,  inasmuch  as  decomposition  has  proceeded  so  far 
in  the  crest  of  the  fold  that  a  shallow  ravine  scores  off  the  face  of  the  hill 
adjoining  the  quartzite  knob,  in  which  all  structural  lines  are  obliterated  by 
the  sand  resulting  from  that  disintegration.  Steep  as  are  the  north  slopes 
here,  it  is  useless  to  search  for  the  actual  fault  line  or  the  structure  lines  on 
either  side  of  it.  East  of  the  fault  there  is  no  difficulty,  and  the  Cambrian 
and  Silurian  beds  overlying  the  Archean  can  be  traced  continuously  along 
the  wall  of  Mosquito  gulch.  Aside  from  the  fact  that  the  curve  in  the  beds 
of  this  mass  of  white  quartzite  can  be  distinguished,  its  position  adjoining 
the  White  Limestone  would  be  sufficient  to  determine  it  as  the  Parting 
Quartzite,  which  forms  the  summit  of  the  Silurian  formation ;  but  in  the 
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several  hundred  feet  of  vertical  beds  which  adjoin  this  on  the  west  it  would 
have  been  difficult,  had  no  other  opportunity  for  studying  these  faults 
offered,  to  determine  satisfactorily  whether  they  belong  to  the  series  on 
the  eastern  or  those  on  the  western  side  of  the  fault.  Blue  limestone 
and  White  Porphyry  are  here — the  former,  it  is  true,  represented  only  by 
a  comparatively  thin  bed;  and  the  other  metamorphosed  rocks  might  as 
well  belong  lithologically  to  the  bottom  as  to  the  top  of  the  Weber  Grits 
formation 

The  actual  succession  of  vertical  beds  adjoining  the  quartzite  crag  on 
the  west  is,  as  well  as  could  be  determined,  the  following : 

Feet. 

Gap  showing  some  black  shale,  about 40 

White  Porphyry 20 

Bine  limestone 8 

Quartzitic  sandstones 100 

Blue  limestone 8 

Quartzitic  sandstones  and  decomposed  greenish  argilla- 
ceous beds,  also  silicious 200 

In  the  description  given  of  faults  it  is  generally  stated  that  the  flexing, 
occasioned  by  the  movement  of  the  faults,  is  reversed  in  the  beds  on  either 
side.  For  instance,  if  the  strata  on  the  side  of  the  fault  that  is  lifted 
up  are  curved  down  by  the  dragging  or  friction  of  the  movement,  for  the 
same  reason  those  on  the  other  side,  which  moves  relatively  downwards, 
would  be  curved  upwards ;  or  if,  on  the  other  hand,  on  the  upthrow  side 
of  the  fault  the  strata  are  curved  upwards — as  might  be  accounted  for  on 
the  supposition  of  a  force  pushing  from  behind  against  the  fault  plane — 
then  the  beds  on  the  downthrow  side  of  the  fault  are  curved  downwards. 
This  is  the  generally  accepted  theoretical  explanation  of  curving  of  beds 
adjoining  a  fault.  In  this  case,  however,  we  have  the  alternative  of  assum- 
ing that  the  beds  curve  downwards  on  both  sides,  or,  what  under  the  cir- 
cumstances is  even  more  improbable,  that  a  bed  of  limestone,  which  every- 
where else  in  the  region  examined  has  a  thickness  of  150  to  200  feet,  has 
in  this  single  locality  been  reduced  to  eight  feet.  It  was  assumed  therefore, 
as  shown  on  section  D,  that  these  vertical  beds,"  as  far  as  the  quartzite  crag, 
belong  to  the  series  west  of  the  fault  and  geologically  succeed  the  Weber 
Grits  in  regular  order;  that  is,  belong  to  the  Upper  Coal  Measure  horizon. 
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The  correctness  of  this  assumption,  so  far  as  the  horizon  of  the  beds  goes, 
has  been  proved  by  analogy  in  other  localities,  as  will  be  described  later, 
notably  in  the  case  of  Weston  fault  on  Empire  Hill,  where  similar  structural 
conditions  exist,  but  with  less  intense  alteration  of  the  beds  adjoining  the 
fault,  and  where,  moreover,  the  strata  of  the  Upper  Coal  Measure  formation 
were  recognized  definitely  not  only  by  their  lithological  characteristics  but 
by  abundant  fossil  remains  found  in  them.  The  dividing  line  between  the 
great  silicious  series  of  Weber  Grits  and  the  Upper  Coal  Measure  formation 
having  been  arbitrarily  assumed  at  the  first  development  of  calcareous 
beds,  this  line  has  been  drawn  on  the  map  at  the  base  of  the  lower  bed  of 
limestone  mentioned  in  the  above  section.  A  thickness  of  something  over 
one  hundred  and  fifty  feet  of  Upper  Coal  Measure  beds  is  thus  assumed  to 
have  escaped  erosion  on  the  western  side  of  the  fault. 

On  the  south  wall  of  Pennsylvania  Hill,  facing  Big  Sacramento  gulch, 
the  beds  which  outcrop  are  practically  identical  with  those  on  the  north 
wall.  They  preserve  the  same  strike  of  N.  20°  W.,  with  a  dip  of  20°  to  the 
east.  The  steepening  of  the  clip  as  they  approach  the  fault  line  is,  however, 
not  so  apparent  on  the  north  wall  of  the  hill,  the  surface  being  tq  a  still 
greater  extent  obscured  by  de"bris.  Near  the  line  of  the  fault  the  wall,  as 
on  the  north  side,  is  scored  by  a  shallow  ravine,  on  whose  steep  slopes  frag- 
ments of  White  Porphyry  are  mingled  with  those  of  almost  equally  white 
quartzite.  The  former  belongs  evidently  to  the  same  body  mentioned 
already  as  occurring  on  the  north  wall  to  the  west  of  the  assumed  line  of 
fault.  Owing  to  the  uncertainty  which  exists  with  regard  to  the  structural 
relations  of  this  body  of  White  Porphyry,  it  has  not  been  indicated  either 
on  the  map  or  section. 

Sacramento  arch. — The  south  wall  of  Sacramento  gulch,  a  sketch  of  which 
is  given  on  Plate  XV,  presents  an  even  more  interesting  study  of  the  great 
London  fault-fold  than  that  of  Pennsylvania  Hill.  The  cliff  section,  as  the 
sketch  shows,  presents  a  broad  and  rather  flat  arch,  which  has  but  little 
resemblance  to  the  sharp  S-fold  already  indicated  on  London  Hill  or  to  that 
which  can  be  distinguished  in  the  background  of  the  sketch  on  the  north  face 
of  Sheep  Mountain.  At  first  glance  the  curve  on  either  side  of  the  arch  seems 
to  be  nearly  equal  in  degree;  but  a  more  searching  examination  discloses  on 
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the  right  or  west  a  few  steep  lines,  indicating  the  nearly  vertical  dip  of  the 
beds  adjoining  the  fault  which  is  found  at  other  points.  A  comparison  of 
the  direction  of  the  valley  with  that  of  the  axis  of  the  fold  affords  a  ready 
explanation  of  this  deceptive  appearance.  The  plane  of  the  cliff  section 
stands  at  an  angle  of  60°  instead  of  at  90°,  or  at  right  angles  with  the 
axis  of  the  fold.  So  that  nature  has  afforded  a  graphic  illustration  of  the 
simple  problem  in  descriptive  geometry,  the  diagonal  intersection  of  a 
cylindrical  body  by  a  plane. 

The  interior  of  the  arch  is  made  up  of  Archean  rocks,  mostly  gneiss 
with  white  vein-like  bodies  of  pegmatite  running  through  it.  Over  these 
stretch  the  entire  lower  Paleozoic  series,  with  some  interbedded  porphyries, 
the  principal  of  which  is  the  Sacramento  Porphyry  in  the  Lower  Quartzite, 
corresponding  apparently  in  horizon  with  that  on  the  north  side  of  the 
gulch.  Blue  Limestone,  more  or  less  eroded,  forms  the  crest  of  the  hill. 
On  the  east  side  the  beds  slope  away  with  the  angle  of  the  hill  at  about 
20°.  On  the  west  of  the  crest,  towards  the  fault,  the  dip  rapidly  steepens 
and  becomes-  vertical  before  reaching  the  fault  plane.  The  structure  can 
naturally  be  best  seen  on  the  cliff  face.  Here  as  elsewhere  the  stratified 
series  seems  much  thinner  in  a  vertical  than  when  in  a  horizontal  posi- 
tion. On  the  north  face  the  Blue  Limestone  comes  into  contact  with  the 
fault  instead  of  the  Parting  Quartzite,  as  on  Pennsylvania  Hill.  The  rock 
is  much  shattered  and  there  is  considerable  development  of  black  chert. 
Apparently  some  slight  ore  deposition  has  also  taken  place;  but  there  is  no 
evidence  that  this  is  the  result  of  the  faulting  action.  On  the  crest  of  the 
ridge,  still  east  of  the  fault,  are  some  shales  and  beds  of  impure  anthracite, 
characteristic  of  the  lower  part  of  the  Weber  Grits  formation. 

West  of  the  Sacramento  arch  the  ridge  is  level  for  a  short  distance,  and 
then  rises  in  a  regular  slope  to  the  Gemini  Peaks,  two  little  projections 
crowning  the  ridge  opposite  the  head  of  Sacramento  amphitheater,  on  the 
north,  and  of  Iowa  amphitheater,  on  the  west.  The  regularity  of  the  struct- 
ure lines  on  the  eastern  flank  or  back  of  this  ridge  is  extremely  remark- 
able and  is  partially  shown  in  the  sketch.  The  dip  of  the  beds,  which  to 
the  west  of  the  fault  are  entirely  of  the  AVeber  Grits  formation,  is  here 
steeper  than  in  the  adjoining  amphitheater,  averaging  from  25°  to  35°, 
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and  the  lines  of  outcrop  can  be  traced  with  the  greatest  distinctness.  In 
tho  distant  view  of  the  whole  range  from  Mount  Silverheels,  as  shown  in 
Plate  III,  these  structure  lines,  as  well  as  the  curves  of  Sacramento  arch 
and  of  Sheep  Mountain  fold,  can  be  readily  recognized.  Immediately  west 
of  the  fault  the  beds  are  perpendicular,  and  even  bend  over  so  that  they 
have  a  slight  inclination  to  the  westward.  The  change  from  this  steep  dip 
to  the  average  inclination  of  the  whole  hill  seems  to  be  less  sudden  than  on 
Pennsylvania  Hill;  but,  as  there,  it  is  somewhat  obscured. 

On  the  south  side  of  the  ridge  facing  Little  Sacramento  Valley  is  a 
slight  synclinal  fold,  no  evidence  of  which  is  found  on  the  north  face  of  the 
ridge.  An  explanation  of  this  occurrence  may  be  found  in  the  fact  that 
the  line  of  fault  from  the  Sacramento  arch  southward  apparently  diverges 
to  the  eastward,  as  compared  with  the  strike  of  the  beds,  so  that  more  space 
is  left  between  the  fault  plane  on  the  east  and  the  unyielding  masses  of 
porphyry  which  form  the  crest  of  the  ridge  to  the  west. 

Gemini  Peaks. — In  the  long  series  of  outcrops  on  the  eastern  slopes  of 
the  Gemini  Peaks,  which  comprise  almost  the  entire  thickness  of  the  Weber 
Grits  formation,  are  some  minor  sheets  of  porphyry  which  have  not  been 
indicated  on  the  map.  The  two  peaks  themselves  form  the  crest  of  an 
immense  body  of  Sacramento  Porphyry  which  is  exposed  under  the  Weber 
Grits,  both  on  the  north  and  south  walls,  in  apparent  conformity  with  the 
overlying  sandstones.  The  thickness  shown,  as  derived  from  the  angle  of 
the  slope,  must  be  about  1,200  feet.  The  north  branch  of  Little  Sacra- 
mento Creek  has  cut  to  a  great  depth  into  this  immense  body  of  porphyry, 
leaving  on  either  side  walls  nearly  1,000  feet  in  height,  in  which  the  same 
columnar  structure  in  large  masses  or  prevalence  of  vertical  cleavage  planes 
is  found  that  has  been  already  noticed  in  the  porphyiy  mass  on  the  summit 
of  Mount  Lincoln.  It  evidently  represents  what  was  originally  a  huge  lac- 
colite,  and  it  is  probable  that  it  stands  above  the  original  vent  from  which 
the  main  flows  of  Sacramento  Porphyry  spread  out  into  the  adjoining  rocks. 
Immediately  to  the  south  and  west  of  this  is  the  main  body  of  White  Por- 
phyiy, which  forms  the  mass  of  White  Ridge  and  of  Mount  Sherman.  The 
junction  of  these  two  great  bodies  is  extremely  interesting,  and  was  ex- 
pected to  afford  definite  evidence  of  the  relative  age  of  the  two  rocks.  The 
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actual  contact  is,  however,  obscured  by  broken  masses  which  almost  invari- 
ably cover  the-  surface  in  these  high  regions.  On  the  east  side  of  the  east- 
ern of  the  Gemini  Peaks,  however,  were  foi.nd  a  few  beds  of  Weber  Grits, 
within  which  was  a  small  body  of  White  Porphyry,  while  at  either  side  of 
the  Weber  Grits  was  found  Sacramento  Porphyry.  It  seems,  therefore,  that 
this  fragment  of  Weber  Grits,  with  the  included  White  Porphyry,  was  caught 
up  within  the  later  outflow  of  Sacramento  Porphyry.  Such  caught-up 
masses  of  sedimentary  rocks  entirely  included  in  porphyry  masses  are  by 
no  means  uncommon. 

On  the  southwest  face  of  the  western  of  the  Gemini  Peaks  are  beds  of 
Weber  Shales,  about  fifty  feet  in  thickness,  consisting  of  gray  limestone, 
quartzite,  and  green  micaceous  shales.  About  half  a  mile  south  of  this,  and 
in  a  shallow  depression  between  the  summit  of  Mount  Sherman  and  the  out- 
lying shoulder  to  the  east,  is  a  similar  succession  of  beds,  dipping  however 
to  .the  west,  which  are  entirely  included  in  the  surrounding  mass  of  White 
Porphyry.  On  the  east  of  this  shoulder  again,  at  the  contact  of  Sacramento 
Porphyry  and  White  Porphyry,  are  found  thin  beds  of  white  quartzite, 
belonging  undoubtedly  to  the  same  general  horizon. 

The  most  characteristic  exposures  of  this  great  mass  of  Sacramento 
Porphyry  can  be  seen  at  the  heads  of  Little  and  Big  Sacramento  gulches 
and  on  the  main  ridge  between  Sacramento  and  Evans  amphitheaters.  On 
the  eastern  wall  of  the  latter  it  covers  the  greater  part  of  its  steep  surface, 
widening  and  rising  to  the  southward,  and  sleeping  up  to  the  summit  of  Dyer 
Mountain,  where  a  thickness  of  some  four  hundred  feet  still  remains.  Below 
this,  and  separating  it  from  the  Blue  Limestone,  is  a  remnant  of  the  lower 
beds  of  the  Weber  Grits  formation,  a  relic  of  which  forms  the  summit  of 
West  Dyer  Mountain.  From  the  saddle  between  Dyer  Mountain  and  Gemini 
Peaks  both  Weber  Grits  and  Sacramento  Porphyry  have  been  removed, 
leaving  the  crest  of  the  ridge  composed  of  White  Porphyry.  The  limits  of 
the  two  bodies  of  White  Porphyry  and  Sacramento  Porphyry  are  well 
defined  by  a  line  running  nearly  northwest  and  southeast  between  Gemini 
Peaks  and  Dyer  Mountain.  To  the  northeast  of  this  line  the  White  Por- 
phyry rapidly  thins  out  and  disappears.  The  occurrences  of  this  rock,  hith- 
erto noted  in  the  regions  farther  north,  were  generally  in  the  form  of  dikes 
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of  inconsiderable  magnitude,  or  of  quite  small  intrusive  masses  which  doubt- 
less are  the  upper  portion  of  similar  dikes  whose  base  is  concealed.  It  is 
probable  that  these  minor  eruptions  of  porphyry  are  of  later  date  than  the 
main  intrusive  masses  which  prevail  to  the  southwest  of  this  imaginary  line. 
Although  the  Sacramento  Porphyry  is  not  found  upon  the  surface  to  the 
west  of  the  main  crest  of  the  range,  it  is  probable  that  it  did  not  originally 
end  abruptly  there,  but  gradually  thinned  out  in  some  such  form  as  is  indi- 
cated in  Section  D,  west  of  the  Mosquito  fault,  or  as  is  shown  more  in  detail 
in  the  sections  accompanying  the  Leadville  map.  Lithologically  it  forms  a 
definite  type,  whose  general  character  has  already  been  given  in  the  chap- 
ter on  Rock  formations.  Its  distinguishing  characteristics,  as  compared  with 
the  other  porphyries,  are  its  relatively  large  proportion  of  plagioclase  feld- 
spar and  its  carrying  hornblende.  These  ally  it  in  some  degree  to  the  por- 
pliyrites. 

Little  Sacramento  gulch. — The  observations  made  in  Little  Sacramento 
gulch,  which  time  did  not  admit  of  repeating,  were  unfortunately  not  suffi- 
ciently detailed  to  afford  data  for  an  accurate  outlining  of  all  the  bodies  of 
porphyry  found  there.  The  principal  uncertainties  resulting  herefrom  are: 
first,  as  to  the  eastern  limit  in  the  gulch  of  the  main  body  of  the  Sacra- 
mento Porphyry :  whether  it  confines  itself  to  the  horizon  which  it  follows 
with  apparent  regularity  farther  north  or  whether  it  cuts  across  the  over- 
lying beds  ;  and,  secondly,  whether  a  body  of  the  same  porphyry  observed 
on  the  north  face  of  the  ridge  separating  Little  Sacramento  from  Spring 
Valley  is  connected  with  the  main  body  as  a  transverse  body,  or  whether 
it  is  a  portion  of  an  interbedded  sheet,  like  those  on  the  western  face  of  Lon- 
don Hill,  with  which  it  might  be  possibly  connected  by  the  bodies  observed, 
but  not  outlined,  on  the  eastern  flanks  of  the  Gemini  Peaks  ridge. 

Kast  of  the  fault,  it  is  evident  that  in  the  region  included  between 
Horseshoe  and  Big  Sacramento  gulches  there  is  a  lateral  syncline  similar 
to  that  observed  on  Pennsylvania  and  Lovelandllills,  but  broader  and  deeper. 
The  sin-lace  of  the  region  is  too  much  covered  to  admit  of  this  fact  being 
determined  by  the  observed  dip  of  the  beds,  but  it  is  evident  by  the  fact 
that  the  erosion  of  Little  Sacramento  gulch,  where  it  lraver<e>  the  arch  of 
tli«-  Sheep  .Mountain  fold,  has  cut  down  either  to  a  very  little  depth  or  not 
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at  all  into  the  Archean  keystone  of  the  arch ;  whereas  the  erosion  of  the 
adjoining  canons,  Big  Sacramento  on  the  north  and  Horseshoe  on  the  south, 
has  cut  into  this  body  to  the  depth  in  one  case  of  about  five  hundred  and 
in  the  other  of  nearly  one  thousand  feet.  The  sandstone  of  the  Weber  Grits 
formation  overlying  the  Blue  Limestone  sweeps  up  on  the  ridges  between 
Little  and  Big  Sacramento  gulches  for  a  considerable  distance  above  their 
junction,  as  is  shown  by  numerous  prospect  holes.  The  continuity  of  the 
intervening  belt  of  Sacramento  Porphyry  cannot  be  definitely  proved, 
owing  to  considerable  spaces  where  the  outcrops  are  masked  by  surface 
accumulations,  but  is  reasonably  probable. 

Spring  valley. — The  region  between  Little  Sacramento  and  Horseshoe 
gulches  is  split  by  a  little  longitudinal  valley,  called  Spring  Valley,  into  two 
low  ridges,  either  of  which  is  capped  by  Blue  Limestone.  Their  general 
form  can  be  seen  in  outline  on  the  Sacramento  arch  sketch,  Plate  XV. 

On  the  eastern  slope  of  the  northern  of  these  two  ridges  is  the  Sacra- 
mento mine,  which  has  obtained  rich  silver  ores  from  the  Blue  Limestone. 
At  the  mine  itself  the  overlying  porphyry  has  been  eroded  off;  but  exten- 
sive outcrops,  covering  a  very  considerable  superficial  area,  are  found  to  the 
east,  and  are  well  shown  in  the  steep  rocky  ravine  which  carries  the  drain- 
age of  Spring  Valley  into  the  main  Sacramento  gulch.  The  same  body  of 
porphyry  is  found  on  the  southern  ridge,  where  it  rapidly  thins  out,  over- 
lapping a  similar  tongue  of  White  Porphyry ;  a  portion  of  the  Weber 
Grits  formation  is  included  between  the  two.  It  is  evident  that  this  body 
Of  porphyry  was  once  a  continuation  of  the  main  body  of  Sacramento 
Porphyry,  although  it  occupies  a  lower  horizon  and  necessitates  the  supposi- 
tion that  in  separating  out  at  a  certain  horizon  a  portion  of  the  main  lacco- 
lite  body  has  cut  down  to  a  lower  horizon.  Improbable  as  this  may  seem, 
it  can  be  pi'actically  proved  to  have  occurred  on  the  south  of  the  Twelve- 
Mile  amphitheater,  as  shown  in  Section  H,  Atlas  Sheet  IX.  Moreover, 
the  thickest  portion  of  this  body  is  opposite  the  thickest  portion  of  the  main 
body. 

Horseshoe  gulch.  —  Perhaps  the  most  complete  and  instructive  series  of 
sections,  and  certainly  those  which  have  the  most  direct  bearing  on  the 
geology  of  the  immediate  vicinity  of  Leadville,  are  afforded  by  the  erosion 
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of  Four-Mile  or  Horseshoe  Creek.  In  regard  to  its  nomenclature,  local 
usage  is  somewhat  perplexing.  The  stream  itself,  when  it  debouches  on  the 
South  Park,  is  called  Four-Mile  Creek.  Its  main  canon  is  generally  known 
as  Horseshoe  gulch.  At  its  head  it  divides  into  two  branches  ;  to  the  north- 
ern of  these  has  been  given  the  name  of  Four-Mile  amphitheater ;  the  south- 
ern branch  heads  in  two  adjoining  cirques  or  amphitheaters,  the  northern 
of  which  has  received,  from  its  strikingly  regular  and  complete  curve,  the 
name  of  the  Horseshoe.  (See  Plate  XVII.) 

This  gulch,  like  those  to  the  north,  is  glacier  carved ;  but  the  walls  are 
less  steep,  as  the  upturned  edges  of  the  stratified  rocks  have  been  more  sus- 
ceptible to  subsequent  abrasion,  so  that  the  talus  slopes,  covered  with  shrubs 
and  trees,  reach  a  considerable  height.  The  wide  gulch  above  the  fault 
still  has  traces  of  lateral  moraines  along  its  sides.  Where  below  the  fault 
it  is  carved  out  of  the  Archean  rocks,  however,  theee  have  been  earned 
away  by  later  erosion,  the  gulch  being  here  considerably  narrower.  When 
the  valley  opens  out  again  near  East  Leadville  and  bends  to  the  southward, 
although  there  is  moraine  material  on  the  lower  slopes,  the  form  of  the 
ridges  is  not  sufficiently  distinct  to  show  whether  they  are  the  original 
moraines  or  consist  of  rearranged  material.  On  account  of  the  importance 
of  the  district,  the  sections  exposed  will  be  described  at  considerable  length. 
The  appearance  of  the  surface  is  shown  in  the  accompanying  sketches. 
That  given  on  Plate  XVI  shows  the  more  prominent  outcrops  on  the  ridge 
forming  the  north  wall  of  Horseshoe  gulch,  from  White  Ridge,  on  the  west, 
to  the  crest  of  the  anticlinal  fold,  east  of  the  London  fault. 

white  Ridge. — The  southwest  face  of  White  Ridge,  as  shown  in  the  sec- 
tion, is  a  mass  of  White  Porphyry.  On  its  back  and  north  and  east  slopes 
lie  strata  of  Weber  Grits  formation,  whose  lines  of  outcrop  can  be  traced 
as  distinctly  and  regularly  as  those  on  the  back  of  the  Gemini  Peaks  Ridge. 
Their  dip,  however,  is  proportionately  steeper,  since  the  distance  between 
the  porphyry  body  and  the  line  of  fault  is  shorter.  This  dip,  as  shown 
in  the  sketch,  varies  from  30°  to  45°,  the  latter  being  the  angle  immediately 
above  the  White  Porphyry,  which  to  the  eastward  decreases  gradually  to 
30°,  and  then,  in  close  proximity  to  the  fault  line,  rapidly  steepens  to  the 
perpendicular.  East  of  the  fault  the  curves  formed  by  the  beds  of  the 
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anticlinal  fold  over  the  Archean  are  very  distinct,  the  partially  eroded  Blue 
Limestone  forming  the  present  crest  of  the  ridge. 

On  the  south  end  of  White  Ridge,  in  the  angle  at  the  junction  of  Four- 
Mile  amphitheater  with  the  main  gulch,  is  a  prominent  outcrop  of  dark-blue 
limestone,  standing  at  an  angle  of  45°,  directly  above  the  porphyry.  A 
short  distance  to  the  west  of  this  outcrop,  at  the  foot  of  the  steep  slope 
and  at  intervals  along  the  southwest  side  of  White  Ridge,  on  a  line  rising 
gradually  as  it  approaches  the  head  of  Four-Mile  amphitheater,  prospectors 
with  their  keen  natural  instinct  have  traced  the  same  bed  under  the  heavy 
talus  slopes  of  de'bris  which  cover  it. 

In  the  very  bottom  of  the  Four-Mile  amphitheater,  as  shown  on  the 
map,  the  Blue  Limestone  again  outcrops  in  the  bed  of  the  gulch,  and  has 
been  developed  in  the  important  Badger  Boy  mine  and  by  numerous  pros- 
pect holes.  On  the  ridges  around,  White  Porphyry  forms  the  surface,  which 
is  in  its  normal  position  above  the  Blue  Limestone.  The  line  of  the  Blue 
Limestone,  traced  along  the  face  of  White  Ridge,  is  however  at  a  consid- 
erable distance  above  the  actual  level  of  the  Badger  Boy  limestone,  and  at 
a  still  greater  distance  geologically,  inasmuch  as  the  normal  dip  is  to  the 
east,  It  is  therefore  evident  that  the  limestone  under  White  Ridge  lias 
been  lifted  up  by  a  fault,  as  shown  in  Section  F,  Atlas  Sheet  IX.  The 
White  Porphyry  forming  the  mass  of  White  Ridge  is  there  in  its  normal 
position  above  the  Blue  Limestone,  except  at  the  south  end  just  mentioned, 
where  occur  the  prominent  outcrops  of  dark  limestone  shown  in  the  fore- 
ground of  the  sketch.  The  thickness  of  stratified  beds  exposed  at  this  point 
is  between  150  and  200  feet,  the  upper  members  of  which  have  the  character- 
istics of  Blue  Limestone,  while  toward  the  base  are  light-colored  silicious 
beds,  largely  of  white  quartzite.  Although  the  lithological  character  of  the 
beds  does  not  correspond  in  every  respect  with  similar  sections  elsewhere, 
there  is  no  doubt  that  it  represents  the  main  body  of  the  Blue  Limestone,  and 
very  probably  the  Parting  Quartzite  with  a  portion  of  the  White  Limestone 
beneath  it.  This  heavy  belt  of  dark  limestone  does  not  extend  very  far  up 
the  ridge,  but  gradually  thins  out  and  disappears,  the  sedimentary  beds 
adjoining  the  porphyry  at  the  summit  of  White  Ridge  being  quartzites  and 
micaceous  shales  of  the  Weber  Grits  series.  It  is  evident,  therefore,  that 
the  White  Porphyry  mass  here  cuts  diagonally  tip  across  the  beds,  and  that 
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the  dark  outcrop  is  simply  a  portion  of  the  Blue  Limestone  left  above  it  at 
this  point,  the  main  mass  being  represented  by  the  line  of  Blue  Limestone 
along  the  southwest  base  of  the  ridge.  The  thickness  of  the  porphyry 
body,  as  represented  by  the  distance  between  these  outcrops,  may  be 
roughly  estimated  at  about  six  hundred  feet  at  the  south  end  and  1,000  to 
1,500  under  the  summit  of  the  ridge.  It  seems  evident,  therefore,  that  we 
have  here  in  actual  outcrop  a  portion  of  the  main  laccolitic  mass  as  it  ascended 
from  below  across  the  lower  Paleozoic  beds  and  spread  out  above  the  hori- 
zon of  the  Blue  Limestone,  as  is  shown  theoretically  in  Section  F. 

In  the  shales  and  quartzites  on  the  northern  and  eastern  slopes  of  White 
Ridge  are  numerous  bodies  of  White  Porphyry,  which  in  the  neighborhood 
of  the  summit  sometimes  seem  to  ramify  and  intersect  the  beds,  but  in 
general  show  a  tendency  to  spread  out  between  them.  As  it  was  impossi- 
ble to  delineate  all  the  varying  outlines  of  these  bodies,  the  prevailing  form 
alone  has  been  shown  on  the  map,  viz,  that  of  intrusive  sheets  spreading 
out  from  the  main  laccolitic  body  along  the  stratification  planes  and  grad- 
ually thinning  as  they  depart  from  it. 

North  wail  of  Horseshoe  gulch. — The  section  taken  along  the  south  face  of  the 
ridge  eastward  from  the  outcrop  of  Blue  Limestone  is  approximately  as  fol- 
lows: A  covered  gap  of  about  three  hundred  feet,  containing,  as  is  shown 
higher  up,  a  bed  of  50  feet  of  White  Porphyry  directly  above  the  Blue 
Limestone;  then  about  one  hundred  feet  of  shales,  both  calcareous  and 
silicious,  but  mainly  quartzite  and  sandstone;  then  a  second  bed  of  White 
Porphyry  50  feet  in  thickness,  5  feet  of  quartzite,  and  5  feet  more  of  White 
Porphyry;  then  varying  quartzites,  micaceous  sandstones,  and  shales,  above 
which  are  fine  black  shales,  carrying  pyrites  and  some  fossils,  from  which 
were  obtained  the  following  forms: 


Producing  seminticulatus. 
Productusmuricatus=P.  longispinus  Meek. 
Producing  cora. 
Prodttctus  costatus. 
Productus  pertenuis. 
Griffith)  des,  sp.  nutlet. 


Spirifcr  cameratus. 

Spirifer,  sp.  ? 

A  v  icu  lopecten  carbon  if  cms. 

Fenestella,  sp.  undet. 

Rlwmbopora,  sp.  ? 

Fragments  of  crinoids  and  bryozoans. 


The  above  succession  of  beds,  which  is  taken  from  notes  by  Professor 
Lakes,  represents  approximately  what  has  been  assumed  as  the  Weber  Shale 
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division  of  the  Weber  Grits  formation,  viz,  the  fossiliferous  and  more  calca- 
reous and  argillaceous  beds  at  its  base.  The  thickness  represented  is  some- 
what greater  than  that  observed  in  other  sections ;  but  the  upper  limits  of 
the  division  are  in  themselves  somewhat  ill-defined,  and  the  measurements 
obtained  here  are  uncertain,  owing  to  the  fact  that  they  were  not  observed 
in  a  continuous  series  of  outcrops  and  certain  beds  may  have  been  redupli- 
cated. 

From  here  eastward  to  the  fault  the  outcrops  are  those  of  the  ordinary 
Weber  Grits,  coarse  white  sandstone  predominating,  with  development  of 
micaceous  sandstones  passing  into  shales,  occasional  thin  seams  of  carbo- 
naceous shales,  and  a  limited  development  of  limestone  beds  Variation  in 
the  strike  is  noticed  from  N.  28°  W.,  about  midway  in  the  series,  to  N.  -f)° 
W.,  near  the  fault,  The  latter  direction  corresponds  more  nearly  with  the 
average  strike  of  the  beds  near  the  fault,  and  the  former  may  be  considered 
to  be  a  bowing  out  of  the  strata,  caused  by  the  intrusion  of  the  large  masses 
of  porphyry  at  White  Ridge  and  Gemini  Peaks. 

The  actual  fault  plane  is  apparently  exposed  by  a  prospect  hole  on  the 
low  saddle  overlooking  the  gulch,  where  the  contact  of  a  dense  quartzite, 
in  vertical  position,  with  White  Porphyry  on  the  east,  shows  very  marked 
slickensides  surfaces  and  a  clay  seam.  A  little  to  the  west  of  this  point  is 
a  second  contact  of  quartzite  and  White  Porphyry,  dipping  50°  east.  This 
White  Porphyry  may  very  likely  be  an  intrusion  in  the  beds  of  the  Upper 
Coal  Measure  formation,  as  has  already  been  assumed  to  be  the  case  with  a 
corresponding  body  on  Pennsylvania  Hill.  This  assumption  and  the  fact 
that  the  thickness  deduced  from  the  angle  of  the  dip  and  the  transverse  dis- 
tance between  this  point  and  the  base  of  the  series  necessitates  the  existence 
of  a  portion  of  the  Upper  Coal  Measure  beds,  have  been  the  reasons  for  their 
indication  on  the  map  and  sections,  since  time  did  not  admit  of  a  suffi- 
cient!}" detailed  examination  to  determine  their  existence  on  lithological  and 
paleontological  grounds.  White  Porphyry  is  found  on  the  opposite  side 
of  the  gulch,  near  the  top  of  the  Weber  Grits  formation,  as  will  be  shown 
later. 

Directly  east  of  the  fault,  which  occupies  a  saddle  in  the  ridge,  is  a  con- 
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siderable  outcrop  of  White  Porphyry,  whose  thickness  may  be  estimated 
"at  200  feet.  Within  the  White  Porphyry  is  a  dark  porphyry,  very  much 
altered,  but  similar  in  appearance  to  the  Sacramento  Porphyry,  and  which 
may  once  have  been  connected  -with  the  body  of  this  rock  already  described 
above  the  Sacramento  mine.  These  are  succeeded  by  the  Blue  Limestone, 
whose  beds,  as  shown  in  the  section  and  sketch,  curve  up  and  cover,  some- 
what irregularly,  the  double-pointed  ridge  over  the  arch  of  the  fold.  From 
this  limestone  well-preserved  specimens  of  Spirifera  Rockymontana  were 
obtained.  In  the  Blue  Limestone  on  the  crest  of  the  arch  are,  according  to 
Professor  Lakes,  numerous  vertical  cracks,  which  may  be  cross  fractures 
resulting  from  folding.  The  lithological  character  of  the  Blue  Limestone 
varies  greatly  in  different  portions.  Black  chert  concretions,  which  are  as 
elsewhere  most  frequent  at  its  summit,  are  also  found  well  down  in  the  for- 
mation. Many  of  the  beds,  especially  near  the  base,  are  comparatively 
light-colored.  No  satisfactory  continuous  section  was  obtained  of  the  lower 
Paleozoic  beds,  though  the  estimate  of  their  aggregate  thickness  does  not 
vary  from  that  obtained  elsewhere.  At  various  points  an  included  bed  oi 
White  Porphyry,  near  the  top  of  the  Lower  Quartzite,  and  averaging  about 
thirty  feet  in  thickness,  was  observed.  The  Archean  is  composed  of  gneiss, 
and  of  red  porphyritic  granite  with  large  orthoclase  crystals. 

On  the  eastern  slope  of  the  anticline,  outcrops  of  beds  above  the  Bliu 
Limestone  are  exposed  in  the  forest-covered  region  near  the  road  leading 
from  East  Leadville  to  Spring  Valley,  where  they  are  much  obscured  by 
surface  accumulations,  and,  on  the  steeper  slopes,  by  the  relics  of  a  lateral 
moraine.  Above  the  Blue  Limestone  the  White  Porphyry  can  first  be  distin- 
guished; next  is  an  interval  of  coarse  sandstone;  then  a  body  of  Sacra- 
mento Porphyry,  which  apparently  thins  out  rapidly  to  the  southward. 
The  White  Porphyry,  on  the  other  hand,  rapidly  thickens  in  that  direction, 
as  shown  by  its  section  on  the  eastern  slope  of  Sheep  Mountain. 

An  attempt  was  made  by  Professor  Lakes  to  obtain  a  continuous  section 
from  here  eastward,  through  Fairplay,  across  the  upper  members  of  the 
Carboniferous  and  the  overlying  Triassic,  Jurassic,  and  Cretaceous  beds. 
The  result  was  not  very  satisfactory,  inasmuch  as  a  great  portion  of  the 
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line  of  section  is  occupied  by  covered  gaps,  which  could  not  be  accurately 
filled  by  offsets.  The  thickness  of  the  sedimentary  series  from  the  Cam- 
brian-up  to  the  top  of  the  Cretaceous  along  this  line  has  therefore  been 
assumed,  in  the  ideal  reconstruction  of  the  surface,  as  that  given  by  the  sec- 
tion of  the  Hayden  Atlas,  viz,  10,000  feet.  The  data  obtained  by  Pro- 
fessor Lakes  afford  no  sufficient  reasons  for  differing  from  this  general  con- 
clusion. 

Four-Mile  amphitheater. — The  description  now  turns  to  the  exposures  at 
the  head  of  the  gulch  and  along  the  main  crest  of  the  range  from  Mount 
Sherman  to  the  head  of  Twelve-Mile  Creek.  The  most  striking  of  these 
are  shown  in  the  sketch  on  Plate  XVII,  which  represents  the  Horseshoe 
and  a  portion  of  the  Four-Mile  amphitheater  as  seen  from  the  junction  of 
the  two  branches  of  the  creek.  The  shapes  of  these  two  amphitheaters  dif- 
fer characteristically,  in  accordance  with  the  differing  characters  of  the  rock 
out  of  which  they  have  been  carved.  The  erosion  of  the  Four-Mile  am- 
phitheater, which  has  been  practically  parallel  with  the  strike  of  the  beds, 
has  acted  almost  exclusively  on  the  great  mass  of  White  Porphyry.  Its 
slopes  are  generally  more  rounded  and  largely  composed  of  talus  slopes  of 
angular  fragments  of  this  geologically  brittle  rock.  In  the  bed  of  the  stream 
erosion  has  denuded  a  narrow  strip  of  the  Blue  Limestone,  dipping  16°  to 
the  N-.  E.  and  striking  N.  15°  to  20°  W.  East  of  this  outcrop  a  bed  of  Blue 
Limestone,  as  already  mentioned,  has  been  developed  by  a  line  of  prospect 
holes  along  the  face  of  White  Ridge,  whose  elevation  to  its  present  relatively 
higher  position  must  necessarily  have  been  the  result  of  faulting.  Data  are 
wanting,  however,  to  locate  definitely  the  line  of  this  fault.  That  given  on 
the  map  as  the  Sherman  fault  is  determined  principally  from  the  theoretical 
considerations  furnished  by  Section  F,  according  to  which  it  is  assumed  that 
a  certain  arbitrary  thickness  of  White  Porphyry  exists  under  the  Blue  Lime- 
stone. The  fault  line  would  therefore  have  White  Porphyry  on  either  side 
of  it,  which  necessarily  renders  its  position  difficult  to  recognize.  That  such 
a  body  does  exist  under  the  Blue  Limestone  is  rendered  almost  certain  by 
the  fact  that  it  is  found  at  this  horizon  farther  westward,  along  the  western 
base  of  Mount  Sheridan  and  throughout  the  Leadville  region  to  the  north- 
east of  a  line  roughly  drawn  from  Mount  Sheridan  to  Fryer  Hill. 
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Besides  these  two  outcrops  of  limestone  the  only  sedimentary  beds  ob- 
served are  a  lenticular  body  of  Weber  Grits  at  the  head  of  the  amphithe- 
ater on  the  south  face  of  Mount  Sherman.  This  body,  which  is  several 
hundred  feet  in  length  and  thirty  or  forty  feet  in  thickness,  consists  of  shales 
and  sandstones,  the  former  apparently  somewhat  baked  and  the  latter 
changed  to  quartzite.  It  extends  to  within  a  few  feet  of  the  top  of  the  divid- 
ing ridge  between  Four-Mile  and  Iowa  amphitheaters,  but  does  not  outcrop 
on  the  wall  of  the  latter. 

The  western  slope  of  Mount  Sherman,  which  forms  the  eastern  wall  of 
the  Iowa  amphitheater  and  is  shown  in  the  background  of  the  frontispiece 
of  this  volume,  consists,  from  the  crest  two-thirds  way  down,  of  a  mass  of 
White  Porphyry  from  1,200  to  1,500  feet  thick.  Separating  this  from  the 
Archean  in  the  bottom  of  the  gulch  are  the  lower  Paleozoic  series,  whose 
beds  rise  to  the  southward  as  one  follows  the  wall  and  curve  round  the 
west  face  of  Mount  Sheridan  across  the  low  saddle  which  separates  it  from 
West  Sheridan.  The  sharp  crest  of  Mount  Sheridan  and  its  eastern  slope 
are  covered  with  White  Porphyry,  as  is  also  the  little  eminence  south  of  it 
on  the  main  ridge,  called  Peerless  Mountain.  On  the  saddle  between  the 
two  the  White  Porphyry  has  been  eroded  off  for  a  considerable  distance 
down  the  east  slope,  and  certain  rather  silicious  beds  i  esembling  quartzite, 
which  here  form  the  upper  portion  of  the  Blue  Limestone,  have  been  ex- 
posed. South  of  Peerless  Mountain  the  Blue  Limestone  is  again  exposed 
on  the  surface  of  the  crest,  as  far  as  the  top  of  Horseshoe  Mountain,  and 
also  in  a  strip  bordering  the  Horseshoe  on  the  northeast.  In  this  vicinity, 
especially  along  the  western  face  of  Peerless  Mountain,  the  upper  portion 
of  the  Blue  Limestone  shows  evidence  of  considerable  inetamorphic  action. 
Its  outcrops  are  quite  dark,  and  its  upper  part,  as  already  mentioned,  is  very 
silicious  and  resembles  quartzite.  It  has  also  a  slightly  brecciated  struct- 
ure, and  in  certain  places  is  very  much  stained  with  oxides  of  iron  and  man- 
ganese. It  is  probable  that  this  alteration  is  due  to  mineral  waters,  and  is  a 
commencement  of  decomposition  such  as  has  gone  on  in  Leadville  itself, 
though  the  amount  of  lead  and  silver  ore  as  yet  developed  is  comparatively 
inconsiderable.  The  darker  color  is  due  doubtless  to  oxide  of  manganese, 
and  the  silicification  of  the  beds  to  percolating  waters  depositing  granular 
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silica,  a  form  of  vein  material  which,  as  will  be  seen  later,  is  common  in 
the  Leadville  mines  and  easily  to  be  mistaken  for  genuine  quartzite.  The 
brecciation  is  doubtless  due  to  the  action  of  the  porphyry  at  the  time  of  its 
intrusion. 

The  Horseshoe. — Horseshoe  Mountain,  as  is  shown  both  on  the  map  and 
on  the  sketch,  is  covered  by  a  thin  shell  of  easterly-dipping-  beds  of  the 
lower  Paleozoic  series,  whose  angle  on  the  crest  is  about  10°  and  steepens 
to  an  average  of  20°  on  the  eastern  slopes.  The  irregularity  of  the  out- 
crops of  the  successive  formations  shown  on  the  map  represents  the  results 
of  erosion  on  this  thin  shell. 

The  character  of  the  outcrops  in  the  Horseshoe  itself  is  sufficiently 
shown  in  the  sketch.  Its  peculiar  form  is  a  result  of  glacial  erosion,  which 
alone  could  have  carved  vertically  across  the  inclined  surfaces  of  hard  sedi- 
mentary strata.  The  main  body  of  the  encircling  cliffs  is  composed  of  the 
White  Limestone  and  of  the  upper  beds  of  the  Lower  Quartzite,  which,  ow- 
ing to  their  peculiar  weathering,  received  in  the  field  the  convenient  name 
of  "sandy  limestones."  On  their  weathered  surface  they  resemble  in  all 
respects  a  sandstone,  but  a  fracture  of  the  mass  shows  the  interior  to  have 
the  compact  semi-crystalline  structure  of  limestone.  The  beds  of  Blue 
Limestone  above  these  are  more  or  less  eroded  off,  while  the  pure  quartz- 
ites  at  the  base  of  the  series  are  in  places  concealed  under  the  talus 
slope  of  debris.  In  the  very  bottom  of  the  amphitheater  are  two  or  three 
little  shallow  lakes  or  ponds  of  glacial  origin,  carved  out  of  granite  or  tho 
Lower  Quartzite.  Passing  down  the  stream  from  the  glacial  amphitheater, 
one  crosses  successively  an  ascending  series  of  outcrops  which  sweep  round 
in  graceful  curves  up  the  bounding  ridge  to  join  the  beds  on  the  crest  of 
the  range. 

Intersecting  these  outcrops  in  a  northeasterly  direction,  and  in  part 
following  the  line  of  contact  between  the  Blue  and  White  Limestones,  is 
a  small  body  of  porphyrite;  this  and  a  similar  outcrop  in  the  Four-Mile 
Amphitheater  constitute  the  only  instances  observed  of  the  occurrence  of 
this  rock  within  the  White  Porphyry  region.  The  rock  is  a  grayish-brown, 
homogeneous-looking,  fine-grained  mass,  showing  small  glistening  black 
biotites  and  minute  white  feldspar  crystals  with  round  quartz  grains.  Under 
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the  microscope  there  seems  to  be  no  fresh  feldspar  substance  left  in  the 
rock,  although  outlines  of  former  crystals  can  often  be  plainly  distinguished, 
the  interior  being  replaced  by  a  mixture  of  calcite  and  a  cryptocrystalline 
substance,  colorless  in  ordinary  light,  showing  the  alternations  of  light  and 
dark  points  characteristic  of  a  homogeneous  aggregation  of  minute  particles, 
probably  quartz.  The  biotite  leaves,  both  large  and  small,  seem  perfectly 
fresh  and  in  remarkable  contrast  to  the  condition  of  the  feldspar.  From  the 
great  quantity  of  calcite  present  and  the  absence  of  muscovite  or  kaolin,  it 
seems  evident  that  the  feldspar  was  a  plagioclase  rich  in  lime,  and  the  rock 
a  quartz-biotite-porphyrite,  although  in  external  appearance  it  is  quite  unlike 
any  porphyrite  observed  elsewhere  in  the  region. 

The  larger  amphitheater  at  the  head  of  the  south  fork  of  Horseshoe 
Creek  has  a  less  striking  and  regular  form  than  the  Horseshoe  itself,  but 
presents  the  same  geological  structure.  From  the  crest  of  the  range  at  its 
head,  however,  the  Blue  Limestone  has  been  eroded  off,  and  Silurian  beds 
form  the  surface.  These  are  succeeded,  as  one  goes  south  along  the  crest 
to  the  head  of  Twelve-Mile  amphitheater,  by  the  Cambrian  and  Archean 
successively. 

South  wail  of  Horseshoe  gulch.  —  On  the  ridge  running  from  the  crest  of  the 
range  to  Sheep  Mountain,  along  the  south  side  of  Horseshoe  gulch,  an  excel- 
lent continuous  series  of  beds  from  the  Archean  up  to  near  the  top  of  the 
Weber  Grits  are  shown.  The  north  side  of  this  ridge  is  most  admirably 
delineated  by  a  line  sketch  from  the  skillful  hand  of  Mr.  W.  H.  Holmes  in 
the  Hayden  report  for  1873. l 

The  same  series  of  beds  are  here  represented  as  were  shown  on  the 
ridge  north  of  the  gulch,  but  they  occupy  nearly  double  the  space  in  lineal 
extent  along  the  side  of  the  gulch;  their  angle  of  dip  is  consequently 
shallower,  and  midway  in  the  series  is  a  small  synclinal  fold  which  enables 
the  same  beds  to  cover  a  greater  surface.  The  direct  connection  between 
the  two  sides  is  obscured  by  Ihe  detrital  material  in  the  gulch.  It  is  evident, 
however,  that  the  existence  of  a  cross-fault  is  necessary  to  explain  this  dis- 
crepancy, since  there  is  no  evidence  that  the  beds  of  the  south  ridge  curve 
round  to  the  east  to  join  those  on  the  north,  their  strike  being  the  normal 

'Page  230,  Geological  and  Geographical  Survey  of  the  Territories.     Washington,  1874. 
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strike  of  the  formations,  N.  10°  to  20°  W.  This  fault  has  been  assumed, 
therefore,  to  follow  the  bed  of  the  gulch,  and  probably  connects  the  Sher- 
man with  the  London  fault ;  its  line  is  not  given  on  the  map,  as  it  would  be 
concealed  by  the  Quaternary  beds  indicated  in  the  bed  of  the  gulch.  The 
course  of  the  gulch  in  this  extent,  which  is  unusually  straight,  has  probably 
been  determined  by  this  fault. 

The  structure  of  this  Sheep  Mountain  ridge,  as  deduced  from  careful 
observations  made  along  its  surface,  is  shown  in  Section  G,  Atlas  Sheet 
IX.  Of  the  White  Limestone  and  Lower  Quartette,  which  are  only  exposed 
in  the  amphitheater  south  of  the  Horseshoe,  measurements  were  not  made, 
since  those  obtained  from  the  exposures  in  the  Horseshoe  itself  correspond 
with  the  thickness  obtained  elsewhere.  The  body  of  White  Porphyry,  which 
sweeps  up  at  an  angle  of  20°  opposite  the  opening  of  the  amphitheater,  has 
here  a  thickness  of  nearly  two  hundred  feet,  and  shows  a  certain  tendency  to 
columnar  structure  at  right  angles  to  the  bedding.  The  beds  immediately 
above  the  White  Porphyry  contain  a  large  proportion  of  shales,  which,  being 
easily  disintegrated,  show  but  few  outcrops,  the  space  occupied  by  them 
forming  a  saddle  in  the  ridge.  The  thickness  from  the  White  Porphyry 
up  to  the  more  persistent  sandstones  and  grits  of  the  Weber  series,  which 
would  correspond  to  the  Weber  Shale  division,  is  here  estimated  at  from 
two  hundred  to  three  hundred  feet.  The  beds  observed  are  as  follows : 
Directly  above  the  White  Porphyry  is  a  bed  of  black  carbonaceous  shales ; 
from  one  hundred  to  one  hundred  and  fifty  feet  above  it  is  an  outcrop  of 
dark,  impure  limestone,  from  which  were  obtained  a  large  number  of  fossils, 
among  which  the  following  were  recognized: 


Chonetes  yranulifera. 

Productus  corn. 

Productus  nodosun  (variety  of  Pro- 

(luctus  cora). 
Product  tin  sem  iretic  ula  tus. 


Fragment  of  Pinna,  sp. 
Fragment  of  Aviculopecten. 
Phillipsia,  sp. 
PhillipalH  major. 
Fragment  of  Lingula,  sp. 


Myulina  pcrattenuata. 

About  fifty  feet  above  this  there  is  a  bed  of  black  shales,  from  which 
were  obtained  impressions  of  Lingula  mytiloules,  the  same  form  which  is 
so  abundant  directly  above  the  Blue  Limestone  near  Leadville.  For 
about  three-fourths  of  a  mile  eastward  along  the  crest  of  the  ridge  the 
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beds  dip  regularly  eastward  at  an  angle  of  20°.  They  consist  mainly 
of  coarse  white  or  gray  sandstones,  passing  into  conglomerates  composed 
largely  of  pebbles  of  white  milky  quartz,  having  a  slightly  pinkish  tinge,  and 
which,  when  weathered  out,  cover  the  surface  for  a  great  distance.  Alter- 
nating with  these  are  thinner  beds  of  micaceous  quartzite,  passing  into  a 
mica-schist,  the  mica  being  always  of  the  muscovite  or  potash  type.  Less 
frequent  are  thin  seams  of  black  carbonaceous  shales.  Near  the  upper  part 
of  this  portion  of  the  section  is  a  single  bed  two  feet  thick  of  dark  iron- 
stained  limestone,  seamed  with  carbonaceous  shales.  Between  this  and  a 
little  knob  rising  above  the  general  level  of  the  ridge  is  a  synclinal  fold  in 
the  beds,  which  rise  on  its  western  side  at  angles  of  from  50°  to  70°. 
The  beds  included  in  the  synclinal  trough  above  the  iron-stained  bed  are, 
first,  a  white  quartzite  conglomerate,  then  a  brownish  sandstone,  then  a 
white  massive  sandstone,  then  a  second  brownish  sandstone  with  thin  seams 
of  clay  and  shale,  and  finally  a  green  clay  slate  at  the  axis  of  the  syncline. 
East  of  this  axis  the  same  succession  of  beds  is  passed  over,  which  appear 
thinner,  however,  owing  .to  their  standing  at  a  steeper  angle.  On  the  east 
side  of  the  knob  the  iron-stained  limestone  reappears  dipping  70°  to  the  west, 
and  a  short  distance  farther  can  be  traced  somewhat  indistinctly,  dipping 
at  the  same  angle  to  the  eastward.  Following  the  ridge  eastward  the  beds 
assume  the  normal  dip  of  20°  and  have  the  same  general  character  as  that 
already  described.  For  half  a  mile  or  more  dark  thin  beds  of  quartzite  and 
shaly  beds  are  more  frequent,  but  gradually  pass  up  into  massive,  heavily- 
bedded,  coarse  white  sandstones,  whose  dip  shallows  to  about  10°  or  15°. 
This  little  anticlinal  and  synclinal  fold  has  the  normal  character  of  the  folds 
in  this  region,  viz,  a  steep  west  side  to  the  anticline  or  east  side  to  the  syn- 
cline. It  may  also,  as  is  often  the  case,  be  accompanied  by  a  slight  move- 
ment of  displacement,  but  this  could  not  be  definitely  proved.  The  synclinal 
structure  can  be  traced  on  the  broad  ridge  directly  south  of  this  point  in  the 
somewhat  indistinct  lines  on  its  grassy  surface  which  mark  the  outcrops  of 
the  beds.  The  fold  here  becomes  broader  and  shallower,  and  probably  soon 
dies  out  to  the  south. 

Lamb  Mountain.  —  Near  the  west  end  of  the  little  prominence  on  the  ridge 
called  Lamb  Mountain,  an  eruptive  rock  comes  in  above  the  sandstone, 
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which  weathers  in  large  shaly  blocks,  with  a  remarkably  beautiful  con- 
choidal  fracture  and  the  peculiar  sherdy  habit  which  is  common  among 
volcanic  rocks.  The  rock  is  white,  slightly  tinged  with  reddish  yellow,  due 
to  minutely  disseminated  particles  of  hydrated  oxide  of  iron.  In  the  fresh 
fracture  it  shows  a  white  granular  homogeneous  mass,  with  occasional  grains 
of  feldspar.  It  was  first  thought  to  be  a  later  eruptive  rock,  probably  a 
rhyolite,  but  careful  microscopical  study  shows  it  to  be  a  true  White  Por- 
phyry, differing  in  no  essential  from  the  normal  type.  On  Lamb  Mountain, 
as  shown  in  the  sketch,  Plate  XVIII,  this  body  has  a  maximum  thickness 
of  about  four  hundred  feet  at  the  summit  of  the  hill,  its  lower  limit  corre- 
sponding in  general  with  the  bedding  plane  of  the  underlying  sandstone. 
This  correspondence,  however,  on  close  examination,  is  not  absolute,  inas- 
much as  it  occupies  a  slightly  lower  horizon  to  the  eastward,  and  on  the 
north  face  of  the  ridge  just  west  of  the  ravine  between  Lamb  and  Sheep 
Mountains  it  can  be  seen  to  cross  the  beds  nearly  at  right  angles,  in  the 
form  of  a  dike.  On  the  steep  east  side  of  Lamb  Mountain  toward  the 
saddle  are  beds  of  slate  and  micaceous  sandstone,  curving  up  at  an  angle  of 
50°  against  the  eruptive  mass.  In  these  slates  were  found  abundant  im- 
pressions of  Equisetce,  or  Horsetails,  a  plant  characteristic  of  the  Coal  Meas- 
ures. Sandstone  outcrops  can  be  traced  on  this  saddle  and  across  it  to  the 
base  of  the  steep  western  slope  of  Sheep  Mountain,  where  they  soon  dis- 
appear beneath  the  plentiful  ddbris  of  White  Porphyry.  The  White  Por- 
phyry from  which  they  come  is,  as  will  be  shown  later,  the  body  which 
belongs  above  the  Blue  Limestone;  therefore  the  fault  line  must  run  very 
nearly  at  the  foot  of  this  steep  western  slope.  That  the  Lamb  Mountain 
body  is  itself  a  small  laccolite,  with  a  separate  vent  or  channel,  is  evident 
from  the  fact  that  it  ends  abruptly  on  the  east  and  that,  while  the  steeply- 
dipping  beds  rest  against  it  on  the  saddle  east  of  the  peak,  lower  down  the 
slope  of  the  hill  the  dike-like  channel,  which  extends  downward  from  the 
main  mass  of  porphyry,  is  found  to  cross  the  shallow-dipping  sandstone  strata 
without  perceptibly  changing  their  angle.  The  steepness  of  the  beds  on  the 
saddle  might  be  explained  by  the  expansion  of  the  intrusive  body  of  por- 
phyrv,  which  would  push  them  up,  but  this  explanation  is  rendered  unnec* 
essary,  since,  as  we  have  already  seen,  the  beds  immediately  adjoining  the 
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fault  on  the  west  are  always  found  to  stand  at  a  nearly  vertical  angle.  The 
Lamb  Mountain  laccolite,  it  must  be  borne  in  mind,  is  at  a  higher  horizon 
than  the  main  sheet  of  White  Porphyry.  It  may  be  an  irregular  offshoot 
from  the  White  Ridge  laccolite,  or,  as  shown  in  Section  Gr,  simply  an  extru- 
sion from  the  main  sheet. 

sheep  Mountain. —  Sheep  Mountain  itself  is  an  important  peak,  having  an 
elevation  of  over  two  thousand  feet  above  the  bed  of  the  gulch  and  form- 
ing the  northern  culmination  of  a  ridge  running  in  a  nearly  northwest  and 
southeast  direction,  whose  form  is  closely  connected  with  its  geological 
structure,  since  the  line  of  fault  south  of  Sheep  Mountain  follows  approxi- 
mately its  crest.  The  internal  structure  of  the  peak  is  best  exposed  on  the 
north  face,  a  view  of  which  is  shown  in  Plate  XVIII.  The  eastern  slope 
of  Sheep  Mountain  is  a  little  less  steep  than  the  dip  of  the  beds,  for  which 
reason  the  White  Porphyry  which  crowns  its  summit  is  denuded  over  a  con- 
siderable portion  of  the  slope,  and  comes  in  again  at  the  foot,  where  the 
slope  becomes  more  gentle.  The  western  side  of  the  fold,  as  shown  in  the 
sketch,  is  very  nearly  vertical  In  point  of  fact,  however,  the  angle  is  a 
little  over  the  vertical,  or,  in  other  words,  the  beds  dip  slightly  east,  as 
shown  in  section  G.  This  is  not  apparent,  however,  on  the  cliff,  from  the 
fact  that  its  plane  is  not  exactly  at  right  angles  with  the  axis  of  the  fold. 
Here,  again,  as  in  the  Sacramento  arch,  the  series  of  beds  when  vertical 
appear  thinner  than  when  standing  nearly  horizontal ;  in  other  words,  they 
seem  to  be  compressed  between  the  arch  of  the  fold  and  the  plane  of  the 
fault,  which  is  not  at  all  impossible  or  even  improbable.  Unfortunately,  it 
could  not  be  determined  by  actual  measurement,  as  there  was  no  continu- 
ous outcrop  of  the  vertical  beds. 

A  section  was  carefully  made  across  the  beds  from  the  crest  of  the  fold 
to  the  summit  of  the  peak  by  Mr.  Cross,  from  whose  notes  most  of  the  fol- 
lowing data  are  taken.  The  Archean  exposures  are  mainly  of  gneiss  and 
their  bedding  is  comparatively  distinct.  As  well  as  could  be  ascertained,  the 
beds  stand  nearly  vertical  and  have  an  east  and  west  strike,  or  at  right 
angles  to  the  axis  of  the  fold.  Adjoining  the  vertical  Cambrian  beds  was 
noticed  a  little  irregular  dike  of  White  Porphyry  about  four  feet  in  thick- 
ness, which  comes  out  of  the  gneiss  nearly  pai-allel  to  the  strike  of  the 
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quartzite  and  then  cuts  obliquely  into  the  latter  for  a  short  distance;  it,  then 
follows  the  bedding-plane  for  a  few  yards,  and,  again  cutting  across  the 
strata,  disappears  under  the  debris.  The  measurements  were  made  with  a 
pocket  level,  checked  by  observations  with  an  aneroid  barometer,  taken  at 
the  base  and  again  at  the  summit  of  the  cliff;  the  discrepancy  between  the 
two  measurements  amounting  to  only  a  few  feet. 

Section  from  top  of  Sheep  Mountain  downward: 

Foct. 

White  Porphyry, 300  to  400  feet. 

!Blue  Limestone,  brecciated  at  top,  with  abundant 
secretions  of  black  chert. 180 
Lighter-colored  limestone 20 
200 

{Parting  Qnartzite,  line  Drained,  white 70 
White  Limestone,  silicious  at  base,  with  white  chert 
secretions 100 
230 

f  Ued  cast  beds 8 

I  Shales,  interbedded  with  "sandy  "limestones" .'!0 

Reddish, fine-grained  sandstones,  with  indistinct  im- 

Cambriau..  ..\      Passions  40 

Gap i       10 

Qnattzite 22 

White  Porphyry,  12  feet. 

White  contact  quartzite  ....    65 

175 


005 

Archean G  neiss 

The  total  thickness  here  obtained  of  the  lower  Paleozoic  series,  which  is 
605  feet,  is  a  little  greater  than  that  obtained  at  other  points,  which  may  possi- 
bly be  due  to  the  swelling  of  the  beds  that  would  naturally  succeed  a  com- 
pression, if  such  exists,  on  the  side  of  the  fold  next  the  fault.  The  contact 
of  the  White  Porphyry  and  underlying  Blue  Limestone,  which  was  here 
visible  over  a  considerable  distance,  was  carefully  studied,  especially  on  the 
side  of  the  fold  next  the  fault.  The  upper  part  of  the  Blue  Limestone  is 
particularly  dark  and  full  of  black  chert.  The  actual  line  of  contact  is 
marked  by  a  breccia,  whose  character  varies  much.  Now  it  is  composed 
mainly  of  White  Porphyry  fragments,  then  of  chert,  and  again  of  a  mixt- 
ure of  both  with  black  shale  or  limestone.  Sometimes  arms  of  the  White 


SHEEP  MOUNTAIN.  167 

Porphyry  penetrate  the  mass  of  limestone.  On  the  steep  southwestern 
slope  of  Sheep  Mountain,  overlooking  Sheep  Park,  the  brecciated  surface 
of  the  Blue  Limestone  projects  through  the  White  Porphyry.  A  curious 
feature  of  this  breccia  is  the  character  of  its  cement,  which  is  crystallized 
gypsum  and  quite  abundant  here,  though  not  noticed  elsewhere.  The  exist- 
ence of  so  much  breccia  at  this  point  would  strike  the  observer  on  first 
view  as  probably  due  to  the  action  of  folding  and  the  friction  occasioned 
by  that  and  the  displacement  of  the  fault.  Inasmuch  as  the  same  phenom- 
ena are  observed,  although  on  a  lesser  scale,  at  the  contact  in  Leadville, 
where  the  folding  action  has  been  comparatively  slight,  it  is  probable  that 
it  was  induced  by  a  fracture  of  the  more  brittle  portion  of  the  surface  of 
the  limestone  in  contact  with  the  molten  intrusive  mass  at  the  time  of  its 
eruption.  The  fragments  of  porphyry  in  the  breccia  do  not  necessarily 
militate  against  the  supposition,  since  the  shell  in  immediate  contact  with 
the  bounding  beds  might  cool  and  harden  and  then  be  broken  up  by  a 
fresh  body  of  molten  porphyry  pushing  over  it.  The  gypsum  cement  is 
an  evidence  of  the  passage  of  sulphurous  waters,  which  would  form  sul- 
phate of  lime  by  their  contact  with  the  underlying  limestone,  depositing  it 
again  in  the  crevices  of  the  fragments  on  the  surface.  That  it  still  remains 
here  seems  to  be  an  evidence  that  the  dissolving  action  of  later  waters  has 
not  been  continued  so  long  as  in  Leadville,  where  almost  every  trace  of 
gypsum  hai  been  carried  away. 

On  the  southeast  slope  of  Sheep  Mountain,  near  the  timber-line,  are 
several  rounded  foot-hills,  between  which  the  White  Porphyry  and  the  Blue 
Limestone  are  exposed  in  the  ravines,  while  the  Weber  sandstones  form  the 
surfaces  of  the  intervening  ridges.  A  number  of  prospect  tunnels  have 
been  run  in  these  sandstones,  disclosing  irregular  shale  formations  in  the 
beds  and  a  local  development  of  White  Porphyry  above  the  regular  body. 
In  one  of  the  tunnels  the  end  of  this  intrusive  body  is  well  seen,  showing 
the  beds  curving  around  it,  as  in  the  intrusive  mass  of  porphyrite  on  South 
Mosquito  section.  The  average  strike  of  the  beds  here  is  from  N.  to  N.  10° 
W.,  and  the  dip  from  27°  to  30°  eastward. 

As  this  locality  presents  the  most  typical  development  of  White  Por- 
phyry outside  of  the  immediate  vicinity  of  Leadville  it  may  be  well  to 
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describe  somewhat  in  detail  the  rock  as  found  here.  That  from  the  west 
face  of  Lamb  Mountain  (46),  which  is  comparatively  fresh,  is  a  compact 
rock,  of  a  light  pinkish-brown  color,  whose  only  visible  crystals  are  a  few 
small  and  well-defined  orthoclase  individuals.  No  quartz  is  to  be  seen. 
Minute  cavities  lined  with  yellow  ocher  indicate  a  former  constituent,  but 
the  forms  of  the  cavity  are  not  sufficiently  well  preserved  to  indicate  it* 
character.  It  may  have  been  pyrite.  Under  the  microscope  the  rock 
appears  granular,  with  easily  determinable  quartz,  orthoclase,  plagioclase,. 
and  muscovite.  There  is  no  trace  of  a  microscopic  groundmass  between 
the  grains.  Both  orthoclase  and  plagioclase  are  abundant,  but  muscovite 
is  less  developed  than  is  usually  the  case  in  White  Porphyry;  contrary 
to  the  usual  rule,  it  is  as  often  found  forming  in  plagioclase  as  in  ortho- 
clase. With  a  low  power,  the  feldspars  seem  full  of  fine  dust  or  specks, 
which  in  many  cases  are  evidently  arranged  on  the  cleavage  plane.  These 
specks  are  also  seen,  though  less  frequently,  in  the  quartz.  By  the  use  of 
a  higher  power  it  is  seen  that  some  of  these  specks  are  fluid  inclusions, 
with  rapidly  moving  bubbles,  and  it  is  therefore  probable  that  a  sufficiently 
high  power  would  prove  that  all  are  similar  inclusions.  No  glass  inclu- 
sions were  found.  The  main  rock  on  the  northwest  slope  of  Sheep 
Mountain  (47)  is  of  porphyritic  appearance,  owing  to  the  large  devel- 
opment of  muscovite;  otherwise  it  does  not  differ  microscopically  from  the 
Lamb  Mountain  rock.  A  contact  specimen  of  this  body  is  so  fine  grained 
that  its  exact  composition  cannot  be  made  out,  yet  it  does  not  seem  to  differ 
essentially  from  the  average  rock.  Portions  of  the  body  are  perfectly  white 
and  homogeneous,  and  when  breathed  on  have  a  strong  earthy  smell  The 
specimens  examined  contained  little,  if  any,  plagioclase  and  almost  no  mus- 
covite. The  body  included  in  the  Weber  Grits  formation  (49)  is  exactly 
the  same  as  the  ordinary  rock.  That  from  the  saddle  between  Sheep  and 
Lamb  Mountains  contains  even  more  plagioclase  than  the  Lamb  Mount- 
ain type.  That  from  White  Ridge  (44),  in  the  Four-Mile  amphitheater,  is 
extremely  white  and  very  compact,  so  that  the  constituents  are  mostly 
indistinguishable.  The  process  of  alteration  from  feldspar  to  muscovite 
can  readily  be  distinguished  by  the  naked  eye. 
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SOUTHERN   DIVISION. 

The  remaining  portion  of  the  eastern  slopes  of  the  range  included  in 
the  map,  south  of  Horseshoe  gulch,  presents  but  few  good  exposures  as  com- 
pared with  the  region  already  described.  Its  altitude  is  generally  lower 
and  the  surface  is  covered  with  forest  growth  and  very  considerable  accu- 
mulations of  Quaternary  gravels;  still,  the  general  outline  of  its  structure 
is  not  difficult  to  seize. 

sheep  Ridge — From  Sheep  Mountain  to  Round  Hill  the  crest  of  this 
ridge  becomes  gradually  lower,  and  beyond  the  latter  it  disappears  under 
the  plain.  Immediately  south  of  the  summit  of  Sheep  Mountain  is  a  slight 
depression,  from  which  the  White  Porphyry  has  been  eroded  off,  exposing 
the  underlying  Blue  Limestone.  Again,  at  the  first  prominent  saddle  in  the 
ridge,  Blue  Limestone  forms  the  crest  and  "the  eastern  slopes,  and  beyond 
this  to  Warm  Spring  pass  White  Limestone  outcrops  along  the  crest,  show- 
ing that  the  topographical  slope  descends  more  rapidly  than  the  geological. 
At  Warm  Spring  pass  fragments  of  Red-cast  beds  on  the  crest  indicate  that 
the  whole  thickness  of  the  Silurian  probably  comes  to  the  surface  here, 
although  no  actual  oittcrops  of  Cambrian  beds  could  be  detected.  The 
steep  western  slopes  of  the  ridge  toward  Sheep  Creek,  in  this  extent,  are 
formed  of.  easterly-dipping  Weber  Grits,  and  are  therefore  on  the  western 
side  of  the  London  fault.  On  the  eastern  slope  the  White  Porphyry  sheet 
appears  to  be  continuous  above  the  Blue  Limestone,  and  at  the  Warm 
Spring  pass  has  thinned  out  to  20  feet.  The  so-called  Warm  Spring  fur- 
nishes a  considerable  flow  of  water,  of  a  temperature  of  about  60°,  from  the 
upturned  strata  near  the  base  of  the  Blue  Limestone.  South  of  Warm 
Spring  pass,  judging  from  the  meager  data  afforded  by  outcrops,  the  geo- 
logical slope  becomes  greater  than  the  topographical.  The  Blue  Limestone 
forms  a  cliff  half  way  up  the  slope  on  the  south  side  of  the  pass,  and  beyond 
this  the  only  rocks  found  on  the  surface  are  those  belonging  to  the  Weber 
Grits ;  these  on  Round  Hill  have  an  anticlinal  structure,  dipping  to  the 
east,  south,  and  west,  although  along  its  extreme  western  face  an  eastern 
dip  is  again  found,  which  is  the  commencement  of  the  slope  of  the  beds 
upwards  toward  the  crest  of  the  main  range.  The  explanation  of  the 
structure  of  this  portion  of  the  hill  is  that  the  fault  movement  has  died  out 
and  only  the  fold  remains. 
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The  surface  of  the  South  Park,  east  of  Sheep  Ridge,  is  uniformly 
covered  to  a  considerable  depth  by  Quaternary  gravels,  the  only  outcrop 
of  underlying  beds  within  the  limits  of  the  map  being  north  of  the  bend 
of  Four-Mile  Creek,  where  an  anticline  in  the  Weber  Grits  can  be  seen,  a 
continuation  of  the  secondary  roll  already  noticed  to  the  north.  East  of 
the  limits  of  the  map  the  approximate  location  of  the  Triassic  beds  is  indi- 
cated by  the  red  color  of  the  soil,  and  the  more  resisting  beds  of  this  and 
the  higher  formations  form  low  north  and  south  ridges,  which  rib  the  surface 
of  the  park.  With  these  are  associated  sheets  of  eruptive  rock,  probably 
analogous  to  the  intrusive  'sheets  already  described.  On  one  of  these  ridges 
was  found  the  rhyolite  tufa  which  is  described  in  Appendix  A. 

Black  Hill. — Out  of  the  South  Park  plain,  at  the  extreme  southeast  corner 
of  the  map,  rises  to  a  height  ef  about  GOO  feet  an  isolated,  forest-covered 
hill,  nearly  circular  in  shape,  known  as  Black  Hill,  only  the  northern  edge 
of  which  comes  within  the  limits  of  the  map.  It  is  entirely  composed  of 
rhyolite  (140).  The  occurrence  is  interesting  on  account  of  the  rarity  of 
Tertiary  eruptive  rocks  in  the  region  under  consideration.  It  is  noticeable 
that  it  is  on  a  direct  line  with  the  continuation  of  the  London  fault,  and 
that  the  prolongation  of  the  same  fault  to  the  northwest  would  nearly  pass 
through  the  other  occurrences  of  rhyolite  in  Chalk  Mountain,  on  the  north- 
ern edge  of  the  map.  The  whole  mass  of  the  hill  is  composed  of  rhyolite, 
as  far  as  can  be  distinguished.  The  outflow  has  apparently  taken  place 
through  the  upturned  sedimentary  beds  and  spread  out  over  their  edges, 
without,  however,  exercising  any  very  marked  influence  on  their  structure 
lines,  as  is  the  case  with  the  secondary  intrusive  masses.  The  outcrops  of 
these  sedimentary  beds  are  somewhat  obscure,  being  mostly  covered  by  sur- 
face accumulations,  but,  from  their  lithological  character  and  from  the  succes- 
sion observed  along  the  valley  of  the  Little  Platte,  south  of  the  limits  of  the 
map,  they  are  assumed  to  belong  to  the  horizon  of  the  Upper  Coal  Measure 
formation.  On  the  northern  base  of  the  hill  is  a  considerable  accumulation 
of  impure  gypsum  in  mud  shales.  Directly  south  of  the  hill,  along  the  basin 
of  the  Little  Platte,  quite  a  succession  of  thin-bedded  clay  shales,  with  some 
limestone  beds,  is  found,  standing  nearly  vertical  and  striking  due  north 
and  south.  In  a  prospect  hole  these  shales  are  seen  to  be  remarkably  con- 
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torted,  which  is  probably  due  to  the  original  compression  of  the  beds,  and  not 
dependent  on  the  outflow  of  rhy olite.  The  lines  of  strike,  so  far  as  observed, 
run  continuously  through  the  hill,  and  do  not  curve  round  it.  Almost 
the  whole  surface  of  the  hill  is  covered  with  loose  fragments,  detached 
through  frost  and  atmospheric  action,  but  its  south  and  southeast  faces  pre- 
sent steep  cliffs.  On  the  lower  northeastern  slopes  of  the  hill  are  two  or 
three  large  bowlders  of  coarse  reddish  granite,  half  buried  in  the  soil,  in 
company  with  quartzites  and  sandstones,  which  are  evidently  erratics  and 
.  show  that  at  one  time  the  glacier  from  Twelve-Mile  Creek  reached  down  as 
far  as  this. 

The  rhyolite  of  Black  Hill  is  remarkably  uniform  in  general  character. 
It  has  a  delicate  pinkish-gray  color,  a  conchoidal  fracture,  and  shows  in  the 
unaltered  specimen  white  glassy  feldspars,  fresh  black  mica,  and  some  horn- 
blende, with  prominent  and  rather  smoky  quartz  in  a  distinctly  marked 
groundmass.  The  existence  of  this  groundmass  makes  a  marked  distinction 
from  the  rhyolite  of  Chalk  Mountain,  which  is  seenmacroscopically  to  be  made 
up  entirely  of  crystalline  elements.  To  the  naked  eye  it  is  apparent  that 
the  quartz  contains  many  bays  of  the  groundmass.  Under  the  microscope 
the  groundmass  is  seen  to  be  entirely  microcrystalline,  being  composed 
mainly  of  quartz,  with  some  rather  cloudy  feldspars.  The  large  feldspars  are 
plagioclase  in  part  and  contain  a  few  gas  pores  and  some  fluid  inclusions, 
which  often  carry  cubes  of  a  mineral  like  salt.  Undoubted  glass  inclusions 
are  not  visible,  but  there  are  some  dihexagonal  in  form,  which  are  either 
devitrified  inclusions  or  represent  the  character  of  the  groundmass  at  a  time 
prior  to  its  complete  crystallization.  In  decomposition  the  feldspars  seem 
to  tend  more  to  a  kaolin  substance  than  to  nmscovite. 

Twelve-Mile  Creek. —  In  the  region  between  Sheep  Ridge  and  the  main  crest 
of  the  range  are  the  valleys  of  Twelve-Mile  and  Sheep  Creeks.  The  sur- 
face is  covered  with  outcrops  of  Weber  Grits  formation,  or,  in  its  lower  por- 
tion, with  surface  gravels,  either  actual  moraines  or  rearranged  drift  mate- 
rial. At  the  head  of  Sheep  Creek,  near  the  south  base  of  Lamb  and  Sheep 
Mountains,  is  a  little  valley  or  park,  bounded  on  the  north  and  east  by  steep 
talus  slopes  of  debris  from  these  peaks,  and  by  forest-covered  spurs  of 
Weber.  Grits  on  the  south  and  west.  On  the  broad  ridge  between  Horse- 
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shoe  and  Twelve-Mile  Creeks  the  shallow  syncline  in  the  Weber  Grits, 
already  mentioned,  can  be  traced  as  far  as  the  Twelve-Mile  gulch.     It 
is  only  in  the  deeper  cuts  near  the  crest  of  the  ridge  that  the  details  of 
structure  are  distinctly  visible.     Twelve- Mile  Creek  heads  in  four  sepa- 
rate basins  or  amphitheaters,  to  the  distinctness  and  grandeur  of  whose 
forms  the  scale  of  the  map  can  do  but  scant  justice.     The  exposures  of 
Archean  rocks  in  these  amphitheaters  present  a  great  variety  of  gneiss  and 
granite,  the  most  noticeable  of  which  have  already  been  described  in  Chap- 
ter III.    The  deeper  of  these  amphitheaters  is  that  to  the  north,  whose  north- 
ern wall  is  capped  by  beds  of  the  lower  Paleozoic  series,  the  Lower  Quartzite 
forming,  as  shown  on  the  map,  the  crest  of  the  range  at  its  head.     The  sheet 
of  White  Porphyry  above  the  Blue  Limestone  has  a  broad  outcrop,  prom- 
inent by  its  white  color,  extending  across  from  Horseshoe  Ridge  and  sweep- 
ing down  the  wall  across  the  mouth  of  the  amphitheater.     On  the  ridge 
between  this  north  amphitheater  and  the  one  adjoining  it,  a  shell  of  Lower 
Quartzite  still  remains  at  its  eastern  end.     South  of  this,  Paleozoic  out- 
crops are  confined  to  the  meadows  at  the  lower  extremity  of  the  amphi- 
theater, where  a  number  of  springs  come  from  them.     On  the  south  wall  of 
the  southern  amphitheater  the  lower  Paleozoic  beds  again  sweep  up  for  a 
considerable  distance  on  the  spur,  the  white  quartzite  of  the  Cambrian  and 
the  interbedded  White  Porphyry  being  prominent  by  their  color.     The 
eastern  end  of  this  ridge  is  formed  by  the  continuation  of  the  main  White 
Porphyry  body;   while  along  its  wall  can  be  traced  an. offshoot  from  this 
body,  cutting  across  the  Blue  Limestone  and  occupying  the  horizon  between 
the  Blue  and  the  White  Limestone.     The  white  quartzite  extends  nearly  up 
to  the  prominent  shoulder  of  this  spur,  and  is  found  again  on  the  very  summit 
of  Weston's  Peak,  at  the  head  of  the  spur.     Here  it  lies  nearly  horizontal, 
bending  over  slightly  on  its  western  edge.     This  mass  of  quartzite  is  evi- 
dently, as  shown  in  Section  H,  a  remnant  of  the  crest  of  the  anticlinal  fold, 
whose  axis  relatively  to  the  present  slope  of  the  ground  is  descending  to  the 
southward.     The  outcrops  of  the  sedimentary  beds  on  the  east  of  the  axis, 
therefore,  gradually  rise  along  the  eastern  slopes  of  the  ridge;  their  outlines 
as  shown  on  the  map  present- a  series  of  regular  curves,  due  to  the  erosion 
of  the  ravines  which  score  the  surface,  which  are  distinguishable  in  the 
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field  from  a  considerable  distance  through  the  whiteness  of  the  quartzite 
and  of  the  interbedded  White  Porphyry.  The  anticlinal  fold  of  the  main 
crest,  like  that  of  Sheep  Ridge,  gradually  'dies  out  to  the  south  of  the  map, 
and  at  Buffalo  Peaks  has  entirely  disappeared,  being  merged  into  a  single 
monoclinal  continuation  of  that  to  be  described  on  South  Peak. 

Western's  pass.  —  On  the  steep  western  face  of  the  crest,  towards  the 
valley  of  the  Little  Platte  below  Weston's  pass,  the  Lower  Quartzite  and 
White  Limestone  beds  lie  at  an  angle  of  45°  to  50°,  resting  against  the 
steep  slope  of  the  hill  like  tiles  on  a  roof.  The  valley  of  the  Little  Platte 
presents  a  somewhat  singular  structure.  At  first  glance  it  is  a  simple  syn- 
clinal fold.  On  the  east  side  are  the  beds  of  the  Lower  Quartzite  and 
White  Limestone  dipping  steeply  westward,  while  on  the  west  they  rise 
with  the  slope  of  the  next  ridge,  which  from  South  Peak  southward  forms 
the  main  crest  of  the  range.  More  careful  examination,  however,  shows  that 
the  series  of  beds  on  either  side  of  the  syncline  do  not  exactly  correspond, 
and  that  the  change  from  eastern  to  western  dip  is  abrupt  and  not  gradual, 
as  it  should  be  in  a  normal  syncline.  The  bottom  of  the  valley,  where 
outcrops  are  visible,  shows  the  Blue  Limestone  dipping  eastward,  and  above 
it  a  thin  bed  of  White  Porphyry,  succeeded  higher  up  by  sandstones  and 
black  shales  of  the  Weber  Grits  formation.  Through  the  latter,  near  the  head 
of  the  Little  Platte,  and  just  at  the  boundary  of  the  map,  a  branch  from  the 
northeast  has  cut  a  deep,  picturesque  gorge.  Climbing  the  eastern  slopes 
of  the  gorge  to  the  main  ridge,  across  easterly  dipping  Weber  Shales,  one 
comes  suddenly,  at  the  foot  of  the  steeper  slope,  upon  beds  of  White  Lime- 
stone dipping  steeply  to  the  westward.  It  is  evident,  therefore,  that  the 
movement  of  the  Weston  fault  has  been  continued  somewhat  beyond  the 
boundary  of  the  map,  though  it  dies  out  before  the  Little  Platte  takes  its 
bend  to  the  eastward,  just  south  of  this  boundary. 

On  the  summit  of  Weston's  pass  the  structure  can  be  more  clearly  seen, 
though  it  is  complicated  here  by  a  sudden  curve  in  the  beds  which  form 
the  western  member  of  the  fold,  giving  them  for  a  short  distance  a  strike 
nearly  east  and  west,  instead  of  northwest  and  southeast.  This  pass,  which 
has  an  elevation  of  only  11,930  feet,  was  formerly  the  main  approach  to 
Leadville  from  the  east.  Its  summit  is  a  low  saddle,  on  the  east  of  which 
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the  steep  granite  wall  of  Western's  Peak  rises  over  1 ,500  feet  in  a  distance 
of  about  half  a  mile.  At  the  very  summit  of  the  pass  is  a  thin  bed  of 
White  Porphyry,  overlying  considerable  outcrops  of  Blue  Limestone,  very 
much  metamorphosed  and  iron-stained,  and  dipping  from  35°  to  45°  to  the 
north  and  east.  West  of  this  the  underlying  White  Limestone  and  Lower 
Quartzite  sweep  up,  at  a  gradually  shallowing  angle,  almost  to  the  very 
summit  of  South  Peak.  On  the  eastern  side  of  the  pass  black  shales  and 
quartzitic  sandstones  of  the  Weber  Grits  can  be  traced  for  several  hundred 
feet  up  the  face  of  the  slope.  These  are  suddenly  cut  off  by  a  bed  of 
white  quartzite,  standing  at  an  angle  of  70°  to  the  westward,  and  suc- 
ceeded on  the  east  by  granite  and  gneiss.  Between  the  two  is  the  line  of 
the  Weston  fault.  Following  this  line  southward  around  the  angle  of  the 
upper  spur  to  the  basin  at  the  foot  of  Weston's  Peak,  the  quartzite  becomes 
steeper  and  finally  bends  over  with  an  angle  of  f>00  to  the  westward.  The 
actual  fault  line  cannot  be  traced,  inasmuch  as  it  is  covered  by  the  talus 
slope.  The  thin  bed  of  fine-grained  brown  conglomerate  which  forms  the 
base  of  the  Lower  Quartzite,  in  contact  with  the  Archean,  is,  however,  not 
to  be  mistaken.  In  the  Archean  itself  there  seems  to  be  a  tendency  to  a 
bedded  structure  parallel  with  this  lower  bed  of  the  Cambrian,  and,  more- 
over, a  sort  of  actual  passage  from  sedimentary  into  crystalline  rocks,  as 
shown  by  an  increasing  development  of  well-defined  crystalline  feldspars. 
These  transition  beds  pass  into  a  peculiar  granite  of  yellowish-red  color. 
It  belongs  to  the  coarsely  crystalline  type,  and  apparently  owes  its  color  to 
the  hydration  of  the  oxide  of  iron,  which  gives  the  flesh-colored  tint  to  the 
orthoclase  of  the  normal  granite  of  the  region. 

South  Peak  ridge. — From  Weston's  pass  southward  the  South  Peak  ridge, 
which  follows  approximately  the  direction  of  the  major  strike  of  the  forma- 
tions, viz,  S.  20°  to  30°  E.,  constitutes  the  main  crest  of  the  range.  The 
summit  of  this  ridge  and  its  eastern  slopes  are  covered  with  a  thin  shell  of 
Lower  Quartzite  beds,  whose  dip,  quite  gentle  on  top  of  the  ridge,  steepens 
to  45°  on  the  eastern  spurs.  Archean  exposures  cover  the  whole  western 
slope  of  the  range  south  of  Weston's  pass  and  are  disclosed  in  the  deeper 
canon  cuts  on  the  east  side  by  eros'on  of  the  overlying  quartzites. 
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From  Western's  pass  to  the  north  base  of  Buffalo  Peaks,  a  distance  of 
about  10  miles,  the  upper  valleys  of  the  Little  Platte  and  of  Rough-and- 
Tumbling  Creek  form  a  continuous  line  of  depression  parallel  to  this  ridge. 
These  two  streams  bend  to  the  eastward  and  flow  together  at  the  south- 
ern end  of  the  Weston's  Peak  ridge,  where  the  anticlinal  fold  dies  out  as 
the  ridge  disappears  under  the  plain.  It  is  here  that  the  geological  struct- 
ure of  the  range  changes  from  a  double  anticlinal  to  a  single  monoclinal 
ridge,  a  change  which  is  shown  in  the  varying  strikes  and  dips  of  the  low 
hills  at  the  junction  of  these  streams.  Along  upper  Rough-and-Tumbling 
Creek  the  Paleozoic  beds  all  dip  eastward  in  apparent  conformity,  though 
with  some  variation  of  angle,  and  continue' their  regular  southeast  strike, 
not  only  close  up  to  the  base  of  the  Buffalo  Peaks  mass,  but  apparently  be- 
yond it,  without  any  sensible  change  of  direction.  It  would  appear,  there- 
fore, that  the  flows  of  andesitic  lava,  of  which  these  peaks  consist,  have 
been  poured  out  through  the  upturned  strata  and  spread  out  across  their 
edges,  covering  thus  a  geological  horizon  extending  from  the  Archean  up 
to  the  Upper  Carboniferous,  or  possibly  the  Trias,  in  marked  contrast  to 
the  manner  in  which  the  intrusive  sheets  of  the  earlier  eruptives  have  been 
formed.1 

Western  slopes. — From  Weston's  gulch  southward  bey ond  the  limits  of  the 
area  mapped,  the  western  slopes  of  the  range  are  composed  of  Archean  rocks, 
among  which  granite  is  very  prominent.  There  are  doubtless  many  eruptive 
dikes  cutting  through  them  in  this  area  besides  those  of  White  Porphyry 
at  the  mouth  of  Granite  Creek,  represented  on  the  map,  but  time  did  not 
admit  of  a  sufficiently  detailed  examination  to  determine  their  outlines  and 
location. 

Weston's  gulch,  below  the  junction  of  its  two  heads  or  forks,  which  run 
with  the  strike  of  the  formations  northeast  and  southwest,  is  a  straight  nar- 
row gorge  cut  out  of  Archean  granite  and  gneiss..  Its  form  suggests  partial 
glacier  carving,  but  later  erosion  has  removed  all  traces  of  moraine  mate- 
rial except  a  few  erratics.  Below  this  narrow  gorge  it  passes  into  an  open 
country,  occupied  by  partially  eroded  terraces  of  the  Quaternary  Lake 

'A  more  detailed  description  of  the  Buffalo  Peak  region  will  be  found  in  Bulletin  No.  1,  United 
States  Geological  Survey,  Washington,  1883. 
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beds,  which  will  be  described  later.  The  Archean  area,  with  its  covering' 
of  Lake  beds  on  the  lower  spurs,  extends  north  as  far  as  Empire  gulch, 
but  beyond  that  line  it  no  longer  outcrops,  except  where  brought  to  the 
surface  by  faulting  and  erosion  in  the  deep  amphitheaters  near  the  crest  of 
the  range. 

Weston  fault. — From  Weston's  pass  northwestward  the  Weston  fault 
follows  the  foot  of  the  steep  western  slope  of  the  main  crest  of  the  range, 
approximately  parallel  to  and  a  little  east  of  the  valley  bottoms  of  the  two 
forks  of  Weston's  Creek.  East  of  it  are  Archean  exposures,  capped,  either 
on  the  crest  of  the  range  or  on  its  eastern  slopes,  by  easterly  dipping  Pale- 
ozoic beds.  To  the  west  is  a  fringe  of  successive  outcrops  of  the  same 
beds,  also  dipping  regularly  eastward,  whose  varying  outlines,  as  shown  on 
the  map,  are  entirely  due  to  the  relative  depth  of  erosion  of  the  various 
gulches  Were  the  structural  conditions  studied  on  a  single  transverse  line 
in  this  area  they  would  be  naturally  supposed  to  be  those  of  a  simple 
monoclinal  fault;  but  the  unmistakable  evidence  of  the  synclinal  fold,  as 
already  described  on  Weston's  pass,  and  the  conditions  found  on  Empire 
Hill,  which  will  be  described  below,  show  that  before  erosion  had  removed 
it  there  must  have  been  a  fold  somewhat  as  indicated  by  the  dotted  lines  in 
Section  G,  Atlas  Sheet  IX.  From  the  pass  down  the  south  branch  of 
Weston's  Creek  nearly  to  the  forks,  the  Lower  Quartzite  extends  up  the  west 
slopes  of  the  valley,  while  the  Blue  Limestone  forms  a  decided  shoulder  on 
the  eastern  slopes ;  the  White  Porphyry  body,  which  is  only  about  twenty 
feet  thick  at  the  pass,  thickens  to  the  northward  and  by  its  white  color 
forms  a  prominent  feature  in  the  landscape. 

Just  above  the  forks  the  north  branch  of  Weston's  Creek  runs  in  a 
narrow  ravine,  in  which  the  dip  of  the  beds  is  somewhat  steeper  than  in  the 
south  branch,  which  may  be  explained  by  its  proximity  to  the  fault  line. 
On  the  northwest  side  of.  this  ravine  the  Paleozoic  beds  sweep  up  on  a 
broad  flat  shoulder,  which  forms  the  southern  continuation  of  I^mpire  Hill, 
gradually  assuming  a  shallower  dip  as  they  extend  farther  westward. 

Empire  Hiii. — This  name  is  given  to  the  upper  part  of  the  spur  between 
Weston's  and  Empire  gulches  and  the  broad  shoulder  or  secondary  ridg-e 
lying  between  the  branches  of  these  gulches  and  the  head  of  Union  gulch. 
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Along  the  steeper  Avestern  face  of  this  shoulder  the  Cambrian  and  Silurian 
outcrops  rest  on  the  Archean,  and  the  top  of  the  shoulder  is  at  the  contact 
of  the  Blue  Limestone  and  overlying  White  Porphyry,  which  has  been 
quite  extensively  prospected,  without,  however,  disclosing  any  considerable 
ore  bodies. 

At  the  head  of  the  north  branch  of  Weston's  gulch  the  ridge  which  sep- 
arates it  from  Empire  gulch  presents  a  steep  slope  to  the  southward,  which 
affords  a  good  section  of  a  series  of  limestones,  shales,  and  sandstones  in  a 
thickness  of  from  300  to  600  feet,  belonging  to  the  Upper  Coal  Measures, 
from  which  the  following  fossils  were  obtained: 


Arckceoccidaris,  sp.  undet. 
Polypora,  sp.  undet. 
FenesteUaperelegans. 
Synocladia,  sp.  mulct. 
Rhombopora  lepidodendroides. 
Palceschara,  sp.  undet. 
Streptorynchus  crassus. 
Chonetcs  granulifera. 
Productus  costatus. 


Macrocheilus  ventricosus. 
Phillipsia,  sp.  uudet. 
Productus  Nebrascenais. 
Chonetes  glabra. 
Spirifera  Rocky montana. 
Athyris  subtilita. 
Productus  Prattenanus. 
Nucula,  sp.  undet. 
Astartella,  sp.  undet. 


Section  F,  Atlas  Sheet  IX,  which  passes  through  the  ridge,  shows  the 
structural  conditions  which  prevail  here.  Where  these  beds  join  the  fault 
they  stand  quite  vertical  and  give  evidence  of  having  been  subjected  to  great 
pressure,  as  shown  in  the  specimen  represented  in  Fig.  2,  Plate  V  (page  GO) ; 
but  at  a  little  distancefrom  the  fault  it  can  be  seen  that  near  the  top  of  the  ridge 
they  gradually  bend  over  to  the  westward,  until  a  few  hundred  yards  west 
they  assume  the  normal  dip  of  20°  to  the  eastward.  Below  these,  both  on 
the  ridge  and  in  geological  succession,  are  the  sandstones  of  the  Weber  Grits, 
which  form  the  mass  of  a  low  rounded  hill.  Along  the  western  face  of  this 
hill,  and  immediately  above  the  White  Porphyry,  is  a  considerable  thick- 
ness of  compact  black  argillaceous  shale,  impregnated  with  pyrites.  This 
black  shale  has  been  opened  in  several  places  by  prospect  holes,  and  from 
it  were  obtained  numerous  casts  of  fossils,  in  which  the  calcareous  matter 
of  the  original  shell  has  been  entirely  replaced  by  very  minute  crystals 
of  iron  pyrites,  so  minute  that  the  form  of  the  shell  is  still  distinctly 
visible  in  those  which  are  newly  opened,  though  they  rapidly  decompose  on 
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exposure  to  the  air.  The  contrast  of  the  glittering  yellow  of  the  pyrite 
with  its  dull-black  background  of  shale  is  extremely  beautiful.  This  bed 
of  black  shale  represents  the  base  of  the  Weber  Shale  formation.  From 
it  were  obtained  the  following  forms : 


Discina  Meeki. 
Orthis  carbonaria. 


Streptorhynchus  crassug. 
Aviculopecten  rectilaterarius. 


Chonetes  granulifera. 

Below  the  black  shales  is  the  main  sheet  of  White  Porphyry  in  consid- 
erable thickness,  succeeded  by  the  Blue  Limestone  which  forms  the  eastern 
edge  of  the  spur  or  shoulder,  while  the  White  Limestone  and  underlying 
quartzite  can  be  traced  along  the  steep  slopes  below.  The  series  is  here, 
therefore,  complete  from  the  Lower  Quartzite  up  to  the  Upper  Coal  Meas- 
ure ;  and,  even  had  the  fossils  obtained  in  the  latter  not  been  found,  the  ex- 
istence of  such  considerable  thicknesses  of  limestone  above  the  Weber 
Grits  would  have  been  enough  to  determine  their  horizon.  The  gradual 
passage  observed  from  the  shallow  dip  of  20°  to  the  vertical  dip  adjoining 
the  fault  is  proved  by  actual  observation  and  furnishes  an  analogy  for  the 
vertical  dips  already  observed  at  the  London  fault.  The  fault  line  itself  is 
exposed  in  a  tunnel  and  is  exceptionally  distinct  on  the  ridge,  its  direction 
being  here  N.  25°  to  30°  W. ;  the  adjoining  rock  on  the  east  is  a  coarse- 
grained granite  and  on  the  west  shales  and  grits.  Where  opened,  the  fault 
shows  slickensides  and  a  considerable  development  of  clay  selvage,  with  a 
fine  breccia  of  very  dark  color,  the  result  of  friction.  In  the  granite  ad- 
joining the  fault  there  is  visible  decomposition  for  some  ten  or  fifteen  feet, 
consisting  in  a  partial  kaolinization  of  the  feldspars  and  a  hydration  of  what- 
ever oxides  of  iron  it  contains,  which  is  evidently  due  to  the  action  of 
waters  which  have  followed  the  plane  of  the  fault. 

In  the  basin  at  the  head  of  the  north  fork  of  Weston's  gulch,  only 
a  few  feet  east  of  the  line  of  the  fault  and  apparently  parallel  with  it,  is  a 
vein  of  quartz  in  granite,  some  six  or  eight  feet  in  thickness,  which  can  be 
traced  up  the  wall  of  the  ridge.  In  the  first  saddle  of  the  ridge  above  Empire 
Hill  is  a  dike  of  White  Porphyry  about  twenty  feet  thick,  in  the  vicinity  of 
which  the  granite  is  decomposed  in  a  manner  similar  to  that  near  the  Weston 
fault.  This  saddle  is  on  a  line  with  the  fault  which  runs  between  Sheridan 
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and  West  Sheridan,  and  although  at  this  point,  owing  to  the  fact  that  gran- 
ite is  on  either  side  and  the  surface  is  largely  disintegrated,  the  fault  could 
not  be  visibly  distinguished,  it  is  supposed  that  the  Sheridan  fault  crosses 
this  saddle  to  connect  with  the  Weston  fault.  The  White  Porphyry  dike 
would  thus  at  first  glance  seem  to  be  due  to  an  eruption  which  had  taken 
place  along  the  pjane  of  an  already  existing  fault ;  but  the  evidence  obtained 
elsewhere  all  goes  to  show  that  the  time  of  eruption  of  the  White  Porphyry 
was  entirely  antecedent  to  the  action  of  faulting;  and  it  is  therefore  more 
probable  that  the  White  Porphyry  dike  had  followed  a  line  of  weakness  or 
possible  fracture,  which  in  the  subsequent  dynamic  movements  would  have 
been  more  susceptible  to  faulting  than  other  portions  of  the  formation. 

Between  the  head  of  Union  gulch  and  Empire  gulch,  below  the  steeper 
slope  of  Empire  Hill,  is  a  triangular  area  in  which  are  relics  of  the  lower 
Paleozoic  series,  with  included  porphyries,  which  have  been  folded  and 
faulted  in  an  extremely  intricate  manner.  A  simple  expression  of  their 
structure  is  shown  in  Section  E,  in  which  it  is  seen  that  at  the  foot  of  the 
steep  slope  of  Empire  Hill  a  second  fault  has  cut  off  a  portion  of  a  synclinal 
basin.  The  upper  member  in  the  trough  of  the  syncline  is  the  White  Por- 
phyry, immediately  overlying  the  Blue  Limestone.  A  shaft  has  penetrated 
this  porphyry  into  the  Blue  Limestone  below.  On  the  east  of  the  syncline 
the  beds  dip  25°  to  the  westward,  while  on  the  west  side  they  dip  at  an 
average  of  10°  to  the  eastward.  '  The  southern  extremity  of  the  fault  is  seen 
near  the  forks  at  the  head  of  the  north  branch  of  Union  gulch,  where  a  little 
patch  of  Lower  Quartzite  rests  against  the  fault,  with  granite  on  either  side. 

Here  occurs  a  singular  eruption,  apparently  in  the  form  of  an  inter- 
rupted dike,  of  a  rock  whose  lithological  characters  ally  it  to  the  Tertiary 
eruptives.  It  has  been  colored  on  the  map  as  a  rhyolite,  though  it  might 
more  strictly  be  classed  as  a  quartziferous  trachyte.  It  is  a  rather  fine- 
grained grayish  rock,  of  thoroughly  trachytic  texture,  whose  most  prominent 
elements  are  small  glistening  hexagonal  leaves  of  biotite  ;  a  few  rounded 
grains  of  quartz  are  also  visible,  and  the  rest  of  the  rock  is  made  up  of  small, 
rather  glassy  grains  of  feldspar.  Between  the  crystalline  elements  is  an  ill- 
defined  groundmass  of  gray  color.  The  rock  has  included  fragments  of 
quartzite.  Parts  of  the  groundmass  are  truly  microfelsitic,  and  in  some 
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places  undoubted  glass  substance  is  present.  The  rock  also  contains  frag- 
ments of  another  eruptive  rock,  in  some  respects  resembling  the  Gray  Por- 
phyry, and  in  whose  cryptocrystalline  groundmass  are  numerous  aggre- 
gates of  tridymite. 

From  the  head  of  Union  gulch  northward,  on  the  west  of  the  syncline, 
the  outcrops  of  Lower  Quartzite  and  White  Limestone  grow  wider,  owing 
to  shallowing  dip,  till  they  are  cut  off  by  the  valley  of  Empire  gulch, 
and  are  succeeded  on  the  west  by  the  underlying  granite.  On  either  side 
of  the  syncline  the  Blue  Limestone  forms  prominent  outcrops  or  ridges. 
On  the  north  end  of  the  syncliue,  toward  the  ravine  which  runs  down  to 
a  little  lake  adjoining  the  meadow  of  Empire  gulch,  is  a  small  body  of 
Gray  Porphyry,  apparently  occurring  between  the  Blue  and  the  White 
Limestone.  Following  the  line  of  the  fault  northward  from  the  head  of 
Union  gulch,  the  Lower  Quartzite,  White  Limestone,  and  Blue  Limestone 
are  found  successively  in  contact  with  the  granite;  and  tinally  the  White 
Porphyry  almost  touches  it.  Farther  north  the  series  is  reversed,  until  in 
the  bed  of  the  ravine  at  the  foot  of  the  north  end  of  Empire  Hill  granite 
is  exposed  on  either  side  of  the  fault.  There  is  here  an  anticlinal  fold 
whose  axis  corresponds  with  the  major  strike  and  from  whose  crest  the  sed- 
imentary series  have  been  removed  down  to  the  Lower  Quartzite.  Con- 
tinued north,  the  line  of  the  axis  of  this  anticline  nearly  corresponds  with 
the  Mike  fault,  which  is  first  seen  on  the  north  wall  of  Empire  gulch  and 
which  will  be  described  in  detail  in  the  chapter  devoted  to  the  vicinity  of 
Leadville.1 

Union  fault,  which  thus  far  has  followed  the  foot  of  the  steep  slope  of 
Empire  Hill,  now  cuts  across  the  northwest  spur  of  this  hill,  and  beyond 
Empire  gulch,  after  crossing  Long  and  Deny  Hill,  joins  Weston  fault.  The 
displacement  of  this  fault,  like  that  of  most  of  the  faults  of  the  region,  is  an 
upthrow  to  the  east.  Consequently  in  ascending  the  steep  northwest  spur 
of  Empire  Hill  from  the  meadows  in  Empire  gulch  or  from  the  anticline 
above  mentioned,  one  crosses  a  double  series  of  easterly-dipping  lower 

'By  an  error  of  the  engraver,  overlooked  iu  proof-reading,  the  line  of  Mike  fault  has  been  carried 
across  Empire  gulch  to  a  connection  with  Union  fault,  following  what  was  intended  to  be  simply  the 
dividing  line  between  the  Cambrian  and  Siluria:;  formations. 


EMPIRE  GULCH.  181 

Paleozoic  beds.  At  the  foot  of  the  steep  slope,  between  the  Lower  Quartz- 
ite  and  the  White  Limestone,  is  a  small  body  of  eruptive  rock  whose  out- 
crops are  so  obscure  that  its  structural  relations  could  not  be  accurately 
determined.  It  is  a  fine-grained,  nearly  white  rock,  with  minute  specks  of 
biotite  and  small  white  feldspars  macroscopically  visible  as  porphyritic 
constituents.  Microscopical  and  chemical  examinations  show  it  to  be  an 
orthoclastic  rock,  containing  68  per  cent,  of  silica.  Glass  inclusions  occur 
in  both  quartz  and  feldspar,  but  no  fluid  inclusions.  It  has  been  classed  as 
a  rhyolite  and  is  chiefly  interesting  on  account  of  its  isolated  occurrence 
and  want  of  resemblance  to  any  other  rocks  found  in  the  region. 

Empire  gulch.  —  Empire  gulch  is  one  of  the  glacier-carved  valleys  of  the 
western  slope  of  the  range.  At  its  head  is  a  grand  amphitheater  cut  out  of 
granite  and  gneiss,  with  a  rim  of  sedimentary  strata  and  intrusive  porphyry 
sheets  crowning  its  wall.  Two  faults  theoretically  cross  its  upper  portion  — 
the  Sheridan  fault  and  the  Mosquito  fault — which,  however,  are  not  visi- 
ble in  its  Archean  bed,  as  there  is  no  distinction  in  the  character  of  the 
rock  on  either  side  to  mark  their  position.  At  the  Weston  fault,  however, 
the  Lower  Quartzite  occurs  in  the  bed  of  the  gulch,  with  an  eastern  dip, 
and  its  outcrops  sweep  up  the  wall  on  either  side ;  these  outcrops  are  par- 
tially masked  by  two  very  well  defined  lateral  moraines  which  border  the 
immediate  bottom  of  the  valley. 

On  the  south  side  of  the  gulch,  in  the  basin  inclosed  by  the  north  arm  of 
Empire  Hill,  is  a  shallow  glacier  lake,  dammed  up  by  one  of  these  moraines. 
In  this  basin  prospect  holes  prove  the  existence  of  black  shales  and  overlying 
Weber  Grits  above  the  lake,  while  below  it  is  the  Blue  Limestone,  succeeded 
by  the  White  Limestone  and  Lower  Quartzite,  the  line  of  the  Union  fault 
being  marked  by  the  sudden  appearance  of  White  Porphyry,  which  adjoins 
either  of  these  two  formations.  Above  the  White  Porphyry,  on  the  steep 
slope  at  the  north  point  of  Empire  Hill,  immediately  west  of  the  fault,  is  a 
little  remnant  of  Weber  Shale. 

The  moraine  ridges  terminate  about  a  mile  below  (his  north  point  of 
Empire  Hill.  Here  the  valley  of  Empire  gulch  opens  out  into  a  broad  al- 
luvial meadow,  below  which  it  is  cut  mainly  out  of  Quaternary  Lake  beds, 
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and  consequently  loses  the  distinctive  form  due  to  glacial  erosion.  The 
succession  of  beds  crossed  in  descending  the  ridge  from  the  north  point  of 
Empire  Hill  to  this  meadow  is  sufficiently  indicated  on  the  map. 

On  the  north  side  of  the  gulch  the  structure  is  even  more  complicated 
than  on  the  south,  and  the  rock  surface  is  more  obscured  by  morainal  and 
other  detrital  material.  Were  it  not  for  the  numerous  prospect  holes  this 
structure  could  hardly  have  been  unraveled.  It  is  shown  in  much  more 
detail  on  the  large  map  of  Leadville  and  vicinity,  and  its  description  is  re- 
served for  the  chapter  which  treats  of  that  region. 

Leaving  aside  then,  for  the  moment,  the  region  included  within  the 
limits  of  this  map,  the  crest  of  the  range  and  that  portion  of  its  western 
slope  not  included  therein  will  next  be  described. 

Main  crest  north  of  Ptarmigan  Peak. — At  Ptarmigan  Peak  and  for  some  dis- 
tance north  the  entire  ridge  is  composed  of  Archean,  in  which  granite  and 
coarse  porphyritic  gneiss  are  the  main  components;  thence  north  to  Horse- 
shoe Mountain  successive  shells  of  Lower  Quartzite,  White  Limestone, 
Parting  Quartzite,  and  Blue  Limestone  form  the  crest.  Round  the  head  of 
Empire  gulch  their  outcrops  form  a  semicircular  rim,  sweeping  round  the 
western  point  of  Mount  Sheridan,  while  the  crest  of  the  ridge  is  covered  by 
the  main  body  of  White  Porphyry.  Under  Peerless  Mountain  a  second 
body  of  White  Porphyry  comes  in  between  the  Blue  and  White  Limestones, 
and  extends  as  far  north  as  the  base  of  Dyer  Mountain,  where  it  seems  to 
pass  down  to  successively  lower  horizons,  until  in  Dyer  amphitheater  it  is 
found  quite  at  the  base  of  the  lower  Paleozoic  series.  Remnants  of  this 
second  body  of  White  Porphyry  form  the  cap-rock  on  the  western  spur  of 
Mount  Sheridan,  known  as  West  Sheridan,  whose  mass,  by  the  slight  move- 
ment of  displacement  of  Sheridan  fault  which  runs  through  the  saddle  sep- 
arating these  two  peaks,  has  been  let  down  relatively  to  the  mass  of  Mount 
Sheridan  itself;  in  other  words,  its  upthrow  is  to  the  eastward.  This  rather 
singular  fault  passes  partly  across  the  head  of  Iowa  Amphitheater,  where 
it  is  joined  by  a  fault  at  right  angles  to  it,  or  running  nearly  east  and  west; 
as  the  result  of  their  movement,  a  little  segment  of  beds  of  the  Lower 
Quartzite,  White  Limestone,  and  overlying  White  Porphyry  is  left  in  the 
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bed  of  the  gulch  at  the  entrance  to  the  north  branch  of  this  amphitheater, 
their  northern  and  eastern  continuations  being  found  near  the  top  of  the 
adjoining  cliffs. 

Lake  beds.  —  From  a  little  south  of  the  mouth  of  Weston's  gulch  north  to 
the  valley  of  the  East  Arkansas,  the  gently-sloping,  flat-topped,  lower  spurs 
of  the  range  are  formed  of  the  Lake  bed  deposits  already  described.  Actual 
outcrops  of  these  are  only  found  in  the  southern  portion  of  this  region,  as 
in  the  neighborhood  of  Leadville  they  are  covered  by  rearranged  moraine 
material,  which  has  received  the  local  name  of  "Wash."  The  best  oppor- 
tunities for  observing  these  within  the  area  of  the  map  are  on  a  narrow 
ridge  south  of  Little  Union  gulch  and  along  the  south  wall  of  Lower  Empire 
gulch.  At  the  former  locality  is  exposed  a  thickness  of  300  feet  of  outcrop- 
ping beds  sloping  regularly  3°  to  the  westward,  which  is  also  the  slope  of 
the  adjoining  mesa-like  ridges.  They  consist  of  gravel  and  coarse  sand,  al- 
ternating with  beds  containing  large  subangular  or  partially  rounded  frag- 
ments of  the  various  rocks  which  make  up  the  higher  portions  of  the  range. 
On  the  top  of  the  ridge  facing  lower  Empire  gulch  they  have  been  opened 
by  prospect  holes,  and  show  a  conglomerate  with  lime  cement  overlying  a 
bed  of  granite  sand,  with  one  iron-stained  streak  between.  Here  the  dip  is 
still  3°  to  the  westward,  but  in  the  bed  of  Empire  gulch,  where  the  stream  is 
deflected  from  its  course  by  a  knob  of  Archean  granite  projecting  about  150 
feet  above  the  valley,  they  are  found  to  have  a  dip  of  15°  to  the  northeast, 
showing  that  there  has  been  some  local  movement  since  they  were  deposited. 
There  are  several  outlying  patches  of  these  beds  left  high  up  on  the  spurs 
in  the  region  shown  on  the  Leadville  map.  Since  the  presence  of  the 
beds  within  this  area  could  only  be  proved  by  underground  workings,  the 
outlines  there  given  are  necessarily  somewhat  hypothetical,  and  may  be 
subject  to  change  when  they  shall  have  been  pierced  by  shafts  at  other 
localities.  The  highest  points  at  which  their  existence  has  been  proved 
in  this  area  are  on  the  western  slopes  of  Long  and  Deny  and  Printer  Boy 
Hills,  respectively,  where  they  extend  up  to  the  11,000-foot  curve.  This 
is  just  1,000  feet  above  the  outcrops  between  Little  Union  and  Empire 
gulches,  and  higher  than  the  dip  of  3°,  already  u  very  considerable  in- 
clination for  an  average  angle  of  deposition  over  a  large  area,  would  carry 
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them;  this,  taken  in  connection  with  the  observed  angle  of  15°,  leads  to 
the  inference  that  the  mountain  mass  has  been  elevated  to  some  degree 
above  the  Arkansas  Valley  since  the  beds  were  deposited. 

NORTHWESTERN   DIVISION. 

The  northwestern  division  comprises  the  area  west  of  the  Mosquito 
fault  and  north  of  the  area  of  the  Leadville  map.  It  is  a  region  which  is 
comparatively  unbroken  by  faults,  and  from  its  lower  elevation  one  in  which 
the  structure  lines  are  more  difficult  to  read,  owing  to  want  of  continuity  in 
the  outcrops.  Between  this  and  the  area  last  described  lies  the  complicated 
region  represented  on  the  Leadville  map,  which  will  be  treated  in  the  fol- 
lowing chapter.  Its  broad  general  features,  so  far  as  are  necessary  for  the 
comprehension  of  what  follows,  may  be  given  in  a  few  words.  The  sedi- 
mentary beds,  within  which  was  an  enormous  development  of  eruptive 
rocks,  largely  in  the  form  of  intrusive  sheets,  have  by  the  force  of  contrac- 
tion been  com  ressed  into  a  series  of  anticlinal  and  synclinal  folds,  and 
broken  by  tiansverse  fractures  or  faults,  only  two  of  which  extend  out  to 
any  considerable  distance  beyond  this  area,  viz,  the  Weston  fault  on  the 
south  and  the  Mosquito  fault  on  the  north,  which  are  practically  part  of  one 
great  displacement.  As  shown  on  the  western  ends  of  Sections  D  and  E, 
by  these  faults  the  area  is  broken  into  blocks,  which  have  been  successively 
lifted  one  above  the  other  toward  the  crest  of  the  range.  These  faults  have 
in  general  some  definite  relation  to  the  axis  of  the  folds,  and  as  they  pas& 
northward  merge  into  them.  Thus  out  of  the  six  faults  represented  on  Sec- 
tion E  two  have  already  disappeared  before  reaching  the  line  of  Section  D, 
and  on  the  line  of  Section  C,  which  passes  through  Prospect  Mountain 
along  the  northern  edge  of  the  Leadville  map,  the  structure  has  simplified 
itself  into  two  broad  anticlines,  with  an  included  syncline,  and  there  is  no- 
visible  fault  west  of  the  Mosquito  fault. 

Prospect  Mountain. — The  surface  of  the  massive  of  Prospect  Mountain, 
which  lies  between  Big  Evans  and  Bird's  Eye  gulches  and  extends  from  the 
Mosquito  fault  to  the  east  fork  of  the  Arkansas,  is  covered  to  a  considera- 
ble depth  by  broken  masses  of  porphyry  and  of  sandstones  and  schists  of 
the  Weber  formation,  so  that  but  few  outcrops  are  found.  Fortunately 
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there  are  many  prospect  holes,  showing  the  character  of  the  rock  beneath 
the  covering  of  de'bris,  by  means  of  which  the  general  outlines  of  its  struct- 
ure can  be  determined.  These  are  shown  in  Section  C,  Atlas  Sheet  VITI, 
and  in  Section  K,  Atlas  Sheet  X,  the  former  of  which  follows  the  crest  of 
the  ridge  in  an  east  and  west  direction,  while  the  latter  crosses  it  in  a  north- 
west direction.  From  these  it  is  seen  that  from  the  summit  of  Prospect 
Mountain  eastward  to  the  Mosquito  fault  the  surface  is  occupied  by  beds 
of  the  Weber  formation,  with  a  general  easterly  dip.  They  are  crossed  by 
a  few  dike-like  masses  of  eruptive  rocks,  the  most  prominent  of  which  are 
two  dikes  on  the  crest  of  the  ridge :  the  one  a  coarse-grained  quartz-por- 
phyry, with  large  crystals  of  orthoclase,  which  resembles  a  Gray  Porphyry ; 
the  other  a  fine-grained  micaceous  rock  resembling  a  diorite,  but  yet  con- 
taining a  large  proportion  of  orthoclastic  feldspar.  The  latter  rock  also 
occurs  on  the  north  slope  of  the  massive  near  the  head  of  Indiana  gulch, 
and  in  an  important  body  at  the  mouth  of  Bird's  Eye  gulch  where  it  de- 
bouches into  the  East  Arkansas  Valley.  West  of  the  summit  of  Prospect 
Mountain,  however,  the  slopes  toward  the  adjoining  valleys  are  very  steep 
and  cut  through  the  Weber  beds,  disclosing  a  somewhat  complicated  anti- 
cline, or  rather  the  intersection  of  two  systems  of  anticlines,  and  the  devel- 
opment of  a  large  body  of  porphyry  found  only  in  this  mountain  and  on 
Mount  Zion,  which  is  separated  from  it  by  the  deep  cut  of  the  East  Ar- 
kansas Valley.  This  porphyry,  which  has  already  been  described  as  a  more 
crystalline  variety  of  the  White  Porphyry  and  which  is  designated  by  the 
color  of  that  rock  on  the  map,  is  called,  from  the  locality  of  its  principal 
development,  Mount  Zion  Porphyry. 

Mount  Zion  Porphyry. —  This  porphyry  is  exposed  in  great  thickness  under 
the  Weber  Grits  on  Mount  Zion  and  on  the  northeast  slope  of  Prospect 
Mountain;  it  is  also  denuded  at  the  head  of  the  north  fork  of  Little  Evans 
by  the  deep  erosion  of  the  gulch.  It  apparently  replaces  in  part  the  main 
sheet  of  Gray  Porphyry,  which  directly  underlies  the  Weber  Grits  to  the 
north  and  south  of  it  and  thins  out  as  the  former  grows  thicker.  For 
this  reason  it  has  been  indicated  on  the  sections  as  a  rapidly  thickening 
sheet,  though  it  is  not  at  all  improbable  that  it  may  be  a  laccolitic  body, 
like  those  of  White  Ridge  and  Gemini  Peaks,  and  have  its  vent,  or  channel 
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through  which  it  came  up,  somewhere  under  Prospect  Mountain.  It  varies 
much  in  external  appearance  :  in  its  most  unaltered  form,  as  obtained  at  a 
depth  of  200  feet  in  the  Hattie  bore-hole,  it  resembles  a  fine-grained  granite 
or  granite-porphyry,  while  in  the  extreme  of  alteration,  as  found  in  some  of 
the  shafts  on  the  southwest  slope  of  Prospect  Mountain,  it  is  hardly  to  be 
distinguished  from  decomposed  White  Porphyry.  It  differs  microscopically 
from  the  fine-grained  granites  by  the  absence  of  microcline  and  by  the 
presence  of  prismatic  microlites  of  plagioclase  with  rounded  ends,  which 
are  particularly  abundant  in  the  quartz  and  orthoclase. 

The  structure  of  the  southern  slopes  of  Prospect  Mountain,  which  is 
somewhat  complicated,  is  described  in  detail  in  Chapter  V,  and  the  relations 
of  the  White  and  Mount  Zion  Porphyries  are  shown  on  the  map  of  Leadville 
and  vicinity,  where  they  have  distinct  colors.  The  outcrops  of  the  thin 
sheet  of  the  former  and  of  the  underlying  Blue  Limestone,  which  occur 
along  the  East  Arkansas  Valley  at  the  foot  of  Prospect  Mountain,  are  only 
proved  by  prospect  holes,  the  actual  rock  surface  being  buried  under  debris 
slopes. 

Mount  Zion. — The  mountain  mass  of  Mount  Zion  and  its  southwestern 
shoulder,  known  as  Little  Zion,  presents  a  somewhat  similar  structure  to 
Prospect  Mountain,  of  which  it  originally  formed  a  part,  and  shows  better 
outcrops  by  which  to  trace  its  geological  structure.  Towards  the  valley  of 
the  East  Arkansas,  on  the  southeast  face  of  Little  Zion,  are  fine  cliff  sec- 
tions showing  an  arch  of  Archean,  over  which  the  Paleozoic  beds  and 
included  sheets  of  porphyry  are  folded,  with  a  steep  dip  to  the  northeast 
and  a  more  gentle  one  to  the  southwest.  Along  the  south  face  of  Little  Zion 
the  Blue  Limestone  outcrops  can  be  distinctly  traced,  gradually  descending 
the  hill  with  a  southeast  dip  until,  opposite  the  brewery  in  the  Arkansas 
Valley,  they  come  down  to  the  level  of  the  flood  plain  and  furnish  raw 
material  to  several  lime-kilns.  At  the  western  extremity  of  the  Little  Zion 
Ridge,  beyond  the  limits  of  the  map  and  opposite  the  junction  of  the  East 
fork  with  the  Tennessee  fork  of  the  Arkansas,  is  a  little  hill  of  granite, 
which  is  remarkable  as  being  the  only  place  where  direct  evidence  is 
afforded  of  any  considerable  inequalities  in  the  Paleozoic  ocean  bottom. 
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In  every  other  case  where  the  junction  of  the  Paleozoic  outcrops  with 
the  Archean  has  been  observed,  practically  the  same  bed  of  quartzite  has 
been  .found  at  the  contact.  In  this  case,  however,  on  the  saddle  east  of 
this  little  hill,  the  White  Limestone  is  found  to  abut  against  the  granite, 
while  the  Lower  Quartzite  sweeps  around  its  northwest  and  southwest 
slopes,  showing  that  this  point  projected  as  a  submerged  island  above  the 
level  of  the  Cambrian  beds  at  the  time  of  their  deposition.  In  the  bed  of 
the  stream  opposite  this  saddle  the  Lower  Quartzite  beds  are  exposed  in  a 
little  canon  gorge,  with  a  strike  of  N.  30°  E.,  and  dipping  20°  to  the 
southeast  under  the  Lake  beds  which  cover  the  spurs  up  to  the  steeper 
slope  of  the  hills  near  Leadville. 

The  valley  above  has  alluvial  meadows,  with  flood-plain  benches  on 
either  side.  In  these  benches  on  the  northwest  side  is  the  Dugan  quarry, 
whence  limestone  was  formerly  taken  as  a  flux  for  the  Leadville  smelters. 
Higher  up  the  valley,  where  the  beds  bend  up  over  the  arch  of  Archean,  a 
careful  measurement  was  made  of  the  cliff-exposures  at  two  points,  which, 
in  descending  order,  are  as  follows : 

1.  Cliffs  back  of  toll-gate. 

Feet. 

Wliite  Porphyry  . .  •- ? 

Quartzite  and  shale  25 

Lower  Carboniferous  .  ^  Blue  Limestone,  with  chert  at  top  and  bottom  and 

with  breccia  at  the  base 125 

150 

Sandstone,  eroded,  with  limestone  breccia  in  eroded 

hollows 15 

Space  covered  15 

Bluish  limestone 8 

Silurian •(  Wliite  Limestone,  bluish  at  base C6 

Sandy  limestone 28 

White  calcareous  quartzite 22 

Reddish  sandy  limestones 27 

Limestone,  gray  at  top,  white  at  bottom 40 

221 

De"bris  slopes  to  valley  bottom. 
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2.  Section  across  arch  of  Archean. 


Cambrian . 


1    Debris  slopes  above  cliff. 

Saccharoidal  quartzite,  white  and  thin-bedded. CO 

Saccharoidal  quartzite,  like  above,  but  stained  and 

discolored 60 

Coarse  quartzite,  with  fragments  of  feldspar 1 

121 

Aichean Eed  granite ;   upper  beds  very  much  decomposed ; 

red  feldspars  turned  yellow  by  hydration  of  iron 
oxide;  250  feet  to  base  of  cliffs. 

The  White  Limestone  seems  relatively  thicker  and  the  Blue  Limestone 
thinner  than  usual.  The  evidence  of  erosion  on  the  sandstone  underlying 
the  latter,  which  consists  in  hollows  and  ridges  two  or  three  feet  in  depth 
or  height  filled  by  a  limestone  breccia,  is  important  as  indicating  a  land 
surface  at  the  close  of  the  Silurian.  Unfortunately  this  was  the  only  point 
at  which  it  was  detected,  so  that  it  cannot  be  said  with  certainty  that  the 
land  elevation  at  that  time  was  very  widespread,  although  the  apparent 
absence  of  Devonian  beds  is  indirect  evidence  that  it  was,  as  is  also  the 
great  variation  observed  in  the  thickness  of  the  upper  member  of  the  Silu- 
rian, the  Parting  Quartzite. 

The  White  Porphyry  above  the  Blue  Limestone  has  a  maximum  thick- 
ness of  about  fifty  feet  on  the  west  point  of  Little  Zion  and  rapidly  wedges 
out  to  the  north  and  east  It  has  the  usual  appearance  of  the  normal  rock, 
but  the  fresh-looking  hexagonal  crystals  of  dark  mica  are  rather  more 
abundant  than  usual,  for  which  reason  they  were  separated  and  analyzed, 
and  found  to  be  muscovite  instead  of  biotite,  with  which  determination  their 
optical  properties  agree.  (See  Appendix  B,  Table  I,  Anal.  II.)  Above 
this  is  the  Gray  Porphyry,  which  readily  disintegrates  and  crumbles  into 
coarse  sand,  and  therefore  can  be  traced  along  the  west  slope  of  Mount 
Zion  by  the  gentle  slope  which  it  forms  at  the  foot  of  the  steeper  slope  of 
Mount  Zion  Porphyry  above  it.  It  has  here  a  thickness  of  about  100  to 
150  feet,  which  increases  to  the  northward;  it  evidently  connects  with  the 
immense  sheets  of  Eagle  River  Porphyry  at  the  northern  limits  of  the  map. 
The  Mount  Zion  Porphyry  has  a  thickness  of  about  800  feet  on  the  crest 
of  the  ridge,  but  rapidly  wedges  out  to  the  north.  In  its  upper  part,  near 
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the  summit  of  Mount  Zion,  is  an  included  sheet,  about  one  hundred  feet 
thick,  of  sandstones  and  shales  of  the  Weber  formation,  which  can  be  traced 
down  the  south  slopes  to  the  East  Arkansas  Valley. 

Tennessee  Park. —  From  Little  Zion  northward  the  Lower  Quartzite  beds 
form  a  flat  shoulder  along  the  lower  slopes  of  Mount  Zion  facing  Tennessee 
Park  for  a  distance  of  several  miles.  Below  this  shoulder  the  steeper  slopes, 
scored  by  shallow  ravines,  are  in  the  granite  of  the  Archean,  while  above 
are  successively  White  Limestone,  Blue  Limestone,  and  Gray  Porphyry, 
with  Weber  Grits  capping  the  whole  and  covering  all  the  hills  to  the  east 
and  north.  Between  No  Name  and  Tennessee  gulches  there  is  a  discrep- 
ancy in  the  outcrops  of  the  lower  beds,  which  can  only  be  explained  by 
a  fault,  approximately  as  shown  on  the  map,  by  which  their  northern  con- 
tinuation is  thrown  more  to  the  westward.  All  these  western  slopes  are 
thickly  covered  with  timber,  and  it  is  not  always  possible  to  determine 
accurately  the  outlines  of  the  formations.  Tennessee  gulch  heads  on  the 
western  slopes  of  Buckeye  Peak  and,  flowing  first  westward  past  Coop- 
er's Hill,  takes  a  bend  to  the  southward,  afterwards  bending  again  west- 
ward into  the  open  valley  of  Tennessee  Park,  beyond  the  limits  of  the 
map,  where  it  joins  the  main  branch  of  the  Arkansas,  which  descends  from 
the  slopes  of  Homestake  Peak.  Between  the  south  bend  of  Tennessee  gulch 
and  the  main  Tennessee  Valley,  just  west  of  the  map,  is  a  low  ridge  of 
granite,  gradually  covered,  as  one  goes  north,  by  nearly  horizontal  beds  of 
Lower  Quartzite.  These  beds  can  be  traced  across  Tennessee  pass  west- 
ward to  the  northern  flanks  of  the  Sawatch  Range,  where  they  cover  the 
spurs  extending  northwards  to  the  valley  of  Eagle  River. 

Along  the  western  borders  of  the  map  northwards  from  Tennessee 
gulch  a  fringe  of  outcrops  of  lower  Paleozoic  beds  follow  the  foot  of  Cooper's 
Hill  and  cross  the  upper  valley  of  Piney  Creek,  which  flows  into  Eagle 
River  through  Tennessee  pass.  The  body  of  Gray  or  Eagle  River  Por- 
phyry overlying  the  Blue  Limestone  becomes  very  much  thicker  in  this 
region,  and  on  the  slopes  of  Buckeye  Hill  rises  in  horizon,  leaving  a  portion 
of  the  Weber  Grits  formation,  consisting  of  shaly  beds,  beneath  it.  On  El 
Capitan  Creek  there  is  also  a  portion  of  the  Weber  Grits  included  in  the 
body  of  porphyry.  On  Taylor  Hill,  north  of  the  head  of  Piney  Creek  and 
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just  beyond  the  extreme  northwestern  corner  of  the  map,  is  the  El  Capitan 
mine,  which  is  of  interest  as  being  the  only  considerable  ore  deposit  thus 
far  developed  in  this  region  at  the  Blue  Limestone  contact  In  the  Weber 
Grits,  which  form  the  surface  rocks  from  Piney  Creek  eastward  across  Chi- 
cago Ridge  to  Chalk  Mountain,  as  shown  in  Section  A,  are  numerous  bodies 
of  porphyry,  which  doubtless  originate  in  an  immense  laccolitic  body  which 
occurs  just  north  of  the  limits  of  the  map,  near  the  head  of  Eagle  River,  and 
on  a  line  with  Chicago  Ridge. 

East  Arkansas  valley. — The  flood-plain  deposit,  which  forms  benches  on 
either  side  of  the  alluvial  bottom  of  the  east  fork  of  the  Arkansas,  extends 
up  a  little  distance  beyond  Rowland  post  office,  above  the  lower  bend. 
Under  this  no  rock  outcrops  are  visible.  The  south  wall  of  the  valley, 
formed  by  the  slopes  of  Prospect  Mountain,  is  mostly  covered  by  debris, 
but  the  north  wall  on  the  Mount  Zion  side  has  cliff-faces  and  abundant  out- 
crops. Above  the  arch  of  Archean,  already  described,  the  successive  beds 
of  the  lower  Paleozoic  series,  the  Gray  and  Mount  Zion  Porphyries,  and 
the  thin  bed  of  Weber  Grits  included  in  the  latter  descend  into  the  valley 
at  a  steep  angle.  The  dip  of  the  beds  rapidly  flattens  out,  however,  as  one 
ascends  the  valley,  and  near  the  mouth  of  Buckeye  gulch  the  Weber  Grits 
have  become  nearly  horizontal. 

Between  Buckeye  gulch  and  the  bend  of  the  valley  below  Howland  an 
important  body  of  Lincoln  Porphyry,  with  characteristic  large  orthoclase 
feldspars,  comes  in,  which  can  be  traced  up  the  valley  wall  for  a  distance 
of  two  miles,  apparently  conformable  with  the  bounding  beds  of  Weber 
Grits.  A  similar  body  exists  on  the  east  side  of  the  valley,  extending  from 
the  mouth  of  Bird's  Eye  gulch  up  to  a  terminal  moraine  ridge  half  way 
between  Howland  and  Chalk  ranch.  It  would  seem  that  these  two  out- 
crops are  parts  of  the  same  great  sheet  of  porphyry,  though  their  connection 
across  the  valley  is  not  very  distinct.  The  prevailing  dip  of  the  inclosing 
sandstones  is  generally  to  the  southeast.  On  the  ridge  between  Arkansas 
Valley  and  Buckeye  gulch  this  dip  is  quite  pronounced  and  in  places  as 
steep  as  45°.  Towards  its  north  end  the  eastern  body  forms  a  prominent 
hill,  called  the  Dome,  with  a  steep  face  toward  the  valley,  which  shows  a 
tendency  to  columnar  structure.  The  porphyry  body  is  here  much  thicker 


EAST  ARKANSAS  VALLEY.  191 

than  at  any  other  point,  and  it  is  not  improbable  that  this  is  the  laccolite 
from  which  the  rest  of  the  body  has  spread  out.  The  rock  of  this  porphyry 
mass  (72)  is  a  fresh-looking,  light-gray  rock,  containing  large  pinkish 
crystals  of  orthoclase,  abundant  quartz  (showing  generally  a  crystalline 
form),  and  small  hexagonal  leaves  of  biotite.  The  groundmass  is  gray  and 
subordinate  to  the  crystalline  constituents  in  quantity.  Under  the  micro- 
scope it  is  seen  that  nearly  half  of  the  smaller  feldspars  are  triclinic  and 
much  altered,  while  the  larger  ones  are  comparatively  fresh.  This  por- 
phyry is  as  nearly  the  equivalent  of  the  Lincoln  as  of  the  Eagle  River 
type,  and  is  one  link  in  the  chain  of  evidence  showing  that  all  these  allied 
types  constitute  one  large  group.  (See  Appendix  A.) 

At  the  base  of  the  Dome  is  an  outcrop  of  quartzite  dipping  to  the 
southeast,  which  rises  as  one  follows  the  cliff  southward.  In  the  little 
ravine  next  south  is  a  second  body  of  porphyry,  separated  from  the  main 
sheet  by  quartzites  and  shales  through  which  it  penetrates  somewhat  irreg- 
ularly; it  may  be  an  offshoot  from  the  main  body,  though  it  differs  some- 
what lithologically  and  is  moreover  impregnated  with  secondary  pyrite;  as 
it  is  very  much  decomposed,  its  character  cannot  be  definitely  determined. 
At  the  mouth  of  Bird's  Eye  gulch  the  porphyry  body  has  risen  to  a  con- 
siderable height  on  the  ridge;  while  below  it,  between  the  mouth  of  Bird's 
Eye  gulch  and  Indiana  gulch,  is  a  body  of  the  finer-grained  dioritic-looking 
porphyry  already  mentioned,  which  crosses  over  into  the  bed  of  Indiana 
gulch  higher  up,  in  the  direction  of  the  dike  of  the  same  rock  on  Prospect 
Mountain  Ridge. 

The  slopes  of  Mosquito  Range  between  Bird's  Eye  and  English  gulches, 
east  of  the  porphyry  body,  are  mostly  made  up  of  sandstones  and  occasional 
beds  of  black  shale  of  the  Weber  Grits  formation,  whose  prevailing  dip  is 
10°  to  15°  a  little  to  the  south  of  east.  On  the  summit  of  the  ridge  between 
the  head  of  Bird's  Eye  gulch  and  the  Arkansas  Valley,  however,  the  beds 
have  a  shallow  dip  to  the  west,  giving  evidence  of  a  slight  synclinal  roll,  as 
has  been  indicated  in  Section  B. 

On  the  west  face  of  the  ridge  separating  the  head  of  Bird's  Eye  gulch 
from  that  of  English  gulch  is  an  outcrop  of  limestone,  which  is  probably 
one  of  the  beds  that  occur  in  the  middle  of  the  Weber  Grits  series.  Asso- 
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dated  with  this  is  a  porphyry  different  from  those  hitherto  described,  and 
characterized  by  small  feldspar  crystals  of  a  deep  purplish-red  color.  This 
and  a  decomposed  green  mineral,  which  are  its  only  porphyritic  compo- 
nents, lie  in  a  light-green  groundrnass.  Under  the  microscope  the  green 
mineral  is  seen  to  be  altered  to  chlorite,  so  that  its  original  condition  cannot 
be  determined,  though  it  was  probably  biotite.  The  coloring  matter  of  the 
feldspar  is  a  reddish  substance  in  small  flakes,  possibly  oxide  of  iron. 
From  the  limestone  outcrop  eastward  to  the  Mosquito  fault  the  ridge  is 
made  up  of  coarse  white  sandstones,  having  a  gentle  easterly  dip.  Beyond 
the  fault  line  the  steeper  slopes  of  the  range  are  made  up  of  fine-grained 
granite,  which  resembles  an  eruptive  granite.  In  this  about  half  way  up 
the  slope  is  an  irregular  dike  of  porphyrite. 

At  the  mouth  of  English  gulch,  just  north  of  the  Dome,  are  several 
bodies  of  porphyry,  and  the  structure  of  the  sedimentary  beds  is  extremely 
irregular,  the  dip  being  rather  to  the  northeast  or  away  from  the  porphyry 
mass,  while  on  the  ridge  between  English  and  French  gulches  the  beds  dip 
to  the  west  and  southwest,  giving  further  evidence  of  the  synclinal  fold 
shown  in  Section  B. 

In  the  lower  portion  of  French  gulch  the  south  and  west  dips  still 
continue,  and  several  small  bodies  of  limestone  are  found  between  beds  of 
quartzite  or  altered  sandstone.  About  a  mile  up  the  gulch,  at  the  Mount- 
ain Lion  claim,  is  a  body  of  diorite  of  blue-gray  color  and  largely  impreg- 
nated with  pyrites.  It  has  a  thoroughly  granitic  texture  and  shows  macro- 
scopic crystals  of  feldspar,  hornblende-,  biotite,  and  quartz.  At  the  head  of 
the  gulch  easterly  dips  again  come  in;  but  these  change  again  to  the  west 
before  the  fault  line  at  the  foot  of  Mount  Arkansas  is  reached,  showing  a 
second  syncline,  which  may  be  a  continuation  of  the  syncline  adjoining 
the  fault  that  is  so  well  developed  at  the  north  edge  of  the  map,  though 
the  general  strike  of  that  fold  would  carry  it  to  the  west  of  this.  On  the 
divide  between  the  head  of  French  gulch  and  the  Arkansas  was  observed 
a  body  of  Lincoln  Porphyry,  opened  by  a  prospect  hole  to  a  depth  of  twenty 
feet  or  more,  which  is  so  thoroughly  disintegrated  that  when  cut  down  by 
a  pick  it  crumbles  in  the  hand. 
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Buckeye  Peak. — On  the  west  of  East  Arkansas  Valley,  between  it  and 
Eagle  River,  is  a  broad-topped  mountain  mass,  whose  highest  point  is  Buck- 
eye Peak,  at  the  head  of  the  gulch  of  the  same  name.  To  this  peak,  on  the 
Hayden  map,  no  name  is  given,  but  a  minor  point  of  the  ridge  to  the  north 
is  called  Mount  Arkansas — a  name  which  -has  been  given  by  the  miners, 
with  more  propriety,  to  the  prominent  peak  west  of  the  Arkansas  amphi- 
theater; this  transfer  of  the  latter  name  has  therefore  been  adopted  on  the 
present  map.  On  the  south  face  of  Buckeye  Peak,  forming  the  wall  of  its 
amphitheater  in  a  height  of  nearly  1,000  feet,  is  exposed  a  great  mass  of 
Eagle  River  Porphyry,  whose  prominent  vertical  cleavage  planes  and  joints 
give  the  appearance  of  columnar  structure  observed  on  the  summit  of  Mount 
Lincoln.  On  the  debris-covered  slopes  and  grassy  ridges  its  outlines  could 
not  be  traced  with  perfect  accuracy,  but  it  seems  probable  that  it  is  a  lacco- 
lite  body,  from  which  the  other  irregular  bodies  of  the  same  rock  in  the 
vicinity  may  be  offshoots.  It  is  somewhat  lighter  colored  than  the  porphyry 
observed  in  the  Arkansas  Valley,  and  under  the  microscope  shows  no  glass 
inclusions,  but  otherwise  is  identical  with  that  rock.  A  dike-like  offshoot 
from  the  body  extends  to  the  west  along  the  ridge  at  the  head  of  Tennessee 
gulch.  To  the  south  the  beds  of  the  Weber  Grits  formation  seem  to  dip 
away  from  it  for  a  short  distance  and  then  resume  their  southeasterly  dip. 
Above  it,  on  the  summit  of  the  peak,  these  beds  lie  nearly  horizontal.  On  the 
eastern  base  of  the  peak,  at  the  head  of  the  spur  which  runs  down  between 
Buckeye  gulch  and  the  Arkansas,  is  a  small  outcrop  of  decomposed  por- 
phyry, so  white  that  it  might  be  taken  for  Nevadite  or  White  Porphyry. 
Microscopical  examination,  however,  shows  that  it  is  probably  a  portion  of 
the  Eagle  River  Porphyry  body.  Across'  the  northern  ridge  of  Buckeye 
Peak  runs  a  dike-like  mass  of  porphyry  about  200  feet  in  thickness,  which 
can  be  traced  almost  continuously  down  the  bed  of  Deluionico  gulch  in  a 
steep  wall,  through  which  the  present  stream  has  cut  a  steep,  narrow  bed. 
Its  outcrops  are  obscured  by  moraine  material.  This  gulch,  as  well  as  the 
other  main  gulches  which  radiate  out  from  Buckeye  Peak,  bears  evidence 
of  having  been  once  filled  by  a  minor  glacier,  both  in  the  fact  that  relics  of 
moraines  can  be  found  along  its  sides  and  in  that  its  slope  is  not  such  a 
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continuous  one  as  would  result  from  the  erosion  of  running  water,  but  is 
comparatively  gentle  for  a  considerable  distance  from  the  head  and  then 
descends  abruptly  into  the  valley  of  the  Arkansas. 

Along  the  western  slopes  of  Buckeye  Peak,  as  already  mentioned,  are 
two  principal  bodies  of  quartz-porphyry,  apparently  interstratified  in  the 
Weber  Grits,  which  extend  northward  beyond  the  limits  of  the  map.  East 
of  these  are  several  irregular  bodies  of  the  same  rock,  whose  outlines  are 
given  on  the  map  with  tolerable  accuracy.  They  are  probably  connected 
in  origin  with  the  large  laccolitic  mass  of  Eagle  River  Porphyry  which  lies 
just  beyond  the  border  of  the  map  to  the  north.  They  are  in  part  inter- 
stratified,  but  little  satisfactory  evidence  was  obtained  bearing  upon  their 
underground  extension.  In  the  basin  between  Chalk  Mountain  and  Chicago 
Ridge,  whose  waters  drain  into  Eagle  River,  a  synclinal  fold  can  be  dis- 
tinctly traced,  which  basins  up  to  the  southward.  Its  outlines  are  well 
marked  by  an  interbedded  sheet  of  Eagle  River  Porphyry.  The  inclination 
of  the  fold  is  comparatively  shallow  on  the  west,  though  in  some  places  dips 
of  as  high  as  25°  are  observed;  while  on  the  east  the  angle  is  still  steeper, 
as  shown  in  Section  A,  Atlas  Sheet  VIII.  In  its  trough  above  the  por- 
phyry is  a  small  bed  of  limestone. 

chalk  Mountain. — From  the  head  of  the  straight  north  and  south  portion  of 
Arkansas  Valley  projects  a  singular  ridge,  like  a  huge  railway  embankment, 
prominent  by  its  brilliant  white  color  in  the  somber  surrounding  of  pine 
trees  From  the  material  of  which  it  is  composed  and  which,  in  the  fact 
that  it  is  soft  and  white,  has  a  certain  resemblance  to  chalk,  the  person  who 
first  settled  at  its  base  gave  to  his  home  the  name  of  Chalk  Ranch.  At 
this  point  the  Arkansas  Valley  bends  sharply  to  the  eastward  and  its  level 
rises  abruptly  100  feet  or  more;  while  the  direct  northern  continuation  of 
the  valley  below  is  formed  by  a  still  more  elevated  valley,  the  bed  of  a 
little  stream  known  as  Chalk  Creek,  which  a  short  distance  above  Chalk 
Ranch  falls  in  a  picturesque  cascade  from  the  upper  valley  level  into  a 
deep  narrow  basin  and  flows  in  a  narrow  gorge  to  join  the  Arkansas  just 
bjlow  the  ranch.  The  Denver  and  Rio  Grande  narrow-gauge  railway,  in 
order  to  gain  grade  enough  to  overcome  this  sudden  elevation  of  the  valley 
level,  climbs  gradually  along  the  western  wall  of  the  Arkansas  Valley, 
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reaching  the  gorge  a  few  feet  below  the  falls,  and  then  curves  sharply  to 
the  east,  spanning  the  chasm  with  a  picturesque  bridge,  and,  emerging 
through  a  66-foot  cut  in  the  ridge  beyond,  reaches  the  south  slopes  of 
Chalk  Mountain  completely  above  the  Chalk  Ridge. 

Between  the  valley  of  Chalk  Creek  on  the  west,  the  Arkansas  Valley 
on  the  south,  and  the  head  of  Ten-Mile  Creek  on  the  east,  is  a  table-topped 
mountain  of  rudely  triangular  shape,  presenting  steep  escarpments  to  the 
south  and  east.  This  low  mountain  mass,  which  forms  part  of  the  con- 
tinental divide,  is  also  formed  of  a  very  light-colored  eruptive  rock,  and  has 
from  this  fact  received  the  name  Chalk  Mountain.  Both  the  rock  of  Chalk 
Mountain  and  that  of  the  white  ridge  below  are  rhyolite,  but  of  somewhat 
different  types.  The  former  is  coarse  in  texture,  and,  though  seen  to  be 
distinctly  porphyritic  when  closely  examined,  it  seems  in  some  cases  almost 
granitic  in  structure.  It  is  of  the  variety  known  as  "Nevadite."  Upon  the 
southern  and  northwestern  edges  of  the  plateau  of  Chalk  Mountain  the 
surface  is  strewn  with  huge  blocks  of  Nevadite,  in  which  the  large  sanidine- 
crystals,  with  their  brilliant  satiny  luster,  and  the  dark  smoky  quartz 
crystals  are  especially  noticeable.  Over  the  remainder  of  the  surface  the 
rock  is  somewhat  finer  grained,  the  quartz  crystals  being  the  most  prominent 
constituent. 

The  rock  of  Chalk  Mountain  is  different  from  that  of  all  the  neighbor- 
ing bodies,  not  only  in  the  character  of  its  constituents,  but  in  the  time  and 
manner  of  its  eruption.  It  has  disturbed  the  adjacent  strata  to  an  extent 
not  noticed  in  connection  with  any  other  eruptive  of  the  region,  and  by 
cutting  off  bodies  of  Eagle  River  and  other  porphyries  its  later  age  is 
proven.  The  masses  of  debris  upon  the  steep  southern  slopes  cover  its 
contact  with  the  sedimentaries,  but  upon  the  east,  north,  and  west  numer- 
ous outcrops  appear,  which  illustrate  the  disturbing  influence  of  the  Nevadite- 
mass.  The  map  shows  an  arm  of  the  Weber  Grits  projecting  up  the  eastern 
slope  to  the  level  of  the  plateau,  and  in  these  elevated  beds  is  a  dike  of 
older  quartz-porphyry,  cut  off  to  the  west  by  Nevadite.  Fig.  1  of  Plate 
XIX  shows  this  relation  in  detail.  The  strike  of  the  beds  is  indicated  by 
the  lining  on  the  sketch,  and  the  easterly  dip  measures  about  70°  at  the 
extremity  of  this  arm,  declining  to  30°  at  the  edge  of  the  cliff.  South  of 
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this  arm  is  another  .small  area  of  quartzites,  which  seem  to  be  entirely 
inclosed  by  the  Nevadite.  Farther  north,  upon  the  eastern  side  of  the 
body,  the  strata  are  much  disturbed  and  show  varying  strikes  and  dips, 
and  upon  the  northern  slopes,  within  the  Ten-Mile  district,  the  strike  of 
the  Weber  beds  is  found  to  be  east  to  west,  with  a  northerly  dip  of  80° 
near  the  Nevadite,  which  lessens  to  25°  at  a  distance  of  half  a  mile.  At 
the  northwest  corner  of  the  mass,  just  beyond  the  line  of  the  map,  the 
eastern  extension  of  the  Eagle  River  Porphyry  sheet  shown  in  the  synclinal 
fold  is  found  to  be  cut  through  by  the  Nevadite.  Along  the  western  con- 
tact steep  westerly  dips  are  found  in  the  sedimentary  beds,  and  several  thin 
sheets  of  Eagle  River  Porphyry  seem  to  be  cut  by  it,  but  the  relations  are 
not  clear.  A  branch  of  Chalk  Creek  cuts  deeply  into  the  Nevadite  and 
testifies  to  the  thickness  of  the  body  upon  this  side. 

Three  of  the  smaller  outlying  bodies  of  rhyolite  are  apparent  offshoots 
from  the  Chalk  Mountain  mass,  but  the  rock  of  Chalk  Ridge  is  of  another 
type,  allied  closely  to  the  body  shown  in  the  synclinal  fold  on  the  north 
line  of  the  map  east  of  Ten-Mile  Creek.  This  rock  is  fine  grained,  showing 
only  a  few  quartz  grains  and  minute  feldspars,  and  disintegrates  readily 
into  a  gravel-like  mixture.  The  outcrop  of  Chalk  Ridge  is  only  a  few  hun- 
dred yards  in  length,  forming  a  sharp  point  between  the  mouth  of  Chalk  Creek 
and  the  Arkansas.  Above  it  are  sedimentary  beds,  dipping  at  a  shallow  angle 
to  the  north  and  east  and  inclosing  thin  beds  of  Eagle  River  Porphyry. 

Opposite  Chalk  Ridge,  on  the  west  bank  of  the  creek,  a  white  rock  is 
disclosed  in  a  little  tunnel,  which  at  first  glance  might  be  mistaken  for  rhy- 
olite, but  which  on  close  examination  proves  to  be  simply  altered  Weber 
sandstone,  composed  of  limpid  grains  of  quartz,  white  muscovite,  and  kao- 
linized  feldspar.  In  the  gorge  of  Chalk  Creek  the  first  outcrops  above  the 
Chalk  Ridge  are  thinly-bedded  limestones  and  shales.  Higher  up,  where 
the  chasm  is  spanned  by  the  railway  bridge,  are  sandstones  and  quartz- 
ites, with  intrusive  bodies  of  porphyry,  generally  interbedded,  but  also 
crossing  the  strata.  In  the  railroad  cut  on  the  eastern  side  of  this  gorge  a 
section  is  exposed,  showing  one  of  these  intrusive  masses  crossing  trans- 
versely the  beds  and  spreading  out  above.  Figs.  2  and  3,  Plate  XIX, 
represent  sketches  taken  on  the  spot  at  the  time  when  the  cut  was  freshly 
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made.  The  porphyries  exposed  here  are  quartz-porphyries,  not  closely 
allied  to  any  particular  type;  -but  on  the  slope  of  the  hill  about  one  hundred 
yards  above  the  cut  is  an  outcrop  of  lavender-colored  rock,  which  in  its  fresh 
fracture  shows  characteristic  features  of  the  Eagle  River  Porphyry.  In  the 
railway-cut  on  the  western  side  of  the  gorge  both  sandstones  and  porphyries 
are  thoroughly  decomposed,  but  it  can  be  seen  that  the  latter  both  spread 
out  between  and  cut  across  the  beds.  On  the  spur  which  extends  from 
Chalk  Ranch  up  to  the  Buckeye  Peak  ridge  the  sedimentary  beds  dip  con- 
formably to  the  northeast  at  an  angle  of  20°  to  25°.  This  dip  continues 
across  the  creek  and  up  to  the  Nevadite  at  the  southwest  extremity  of  Chalk 
Mountain,  the  disturbance  produced  by  it  being  slight  at  this  point.  A  blue- 
gray  limestone  6  feet  thick  is  seen  in  the  third  railway-cut  east  of  Chalk 
Ranch,  where  it  has  an  apparent  northwesterly  dip.  On  the  eastern  side 
of  the  Arkansas  Valley,  just  below  and  also  a  little  above  Chalk  Ranch, 
the  beds  dip  45°  to  the  west  and  southwest.  The  evidences  thus  afforded 
in  regard  to  the  structure  of  the  sedimentary  formations  in  this  region  are 
not  very  satisfactory,  showing  simply  that  the  beds  are  much  broken  up 
and  indicating  that  the  influence  of  the  intrusive  Nevadite  mass  has  not 
been  felt  beyond  narrow  limits. 

Upper  Ten-Mile  Valley. — The  remaining  area  of  sedimentary  rocks  is  em- 
braced between  Chalk  Mountain  on  the  west,  the  Arkansas  Valley  on  the 
south,  and  the  Mosquito  fault  on  the  east.  Through  it  passes  the  conti- 
nental divide,  separating  the  waters  of  the  Ten-Mile  from  those  of  the 
Arkansas.  The  low,  wooded  Fremont's  Pass  has  an  elevation  above  sea- 
level  of  11,350  feet,  and  over  it  passes  the  Blue  River  branch  of  the  Denver 
and  Rio  Grande  Railroad,  the  steep  rise  of  500  feet  from  the  Arkansas 
Valley  being  overcome  by  means  of  a  long  loop,  as  shown  by  the  map. 
Ten-Mile  Creek  has  its  head  in  a  small  rugged  amphitheater  in  the  Archean, 
just  east  of  the  Mosquito  fault,  whence  it  flows  directly  west  to  the  base  of 
Chalk  Mountain,  then  turns  abruptly  northwest,  and  soon  after  passing  the 
limits  of  the  map  bends  to  the  north  and  then  to  the  northeast.  The  gentle 
slopes  near  the  creek  are  wooded,  and  outcrops  are  rare  until  the  neighbor- 
hood of  the  great  Mosquito  fault  is  reached. 
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The  geological  structure  of  this  small  area  is  the  expression  of  the 
ending  of  the  great  synclinal  fold  which  is  the  predominant  feature  in  the 
structure  of  the  Ten-Mile  district  on  the  north.  The  beds  taking  part  in 
this  fold  basin  up  to  the  southward,  as  they  pass  within  the  limits  of  the 
Mosquito  map.  In  the  central  part  of  the  fold  occur  strata  of  the  Upper 
Coal  Measures,  the  highest  horizon  represented  west  of  the  Mosquito  fault 
within  the  limits  of  this  map.  Forming  the  dividing  line  between  the  Weber 
Grits  and  the  Upper  Coal  Measures  is  the  Robinson  Limestone,  the  tracing 
out  of  which  gave  the  key  to  the  structure  represented.  Above  the  Rob  • 
inson  Limestone  is  an  intrusive  sheet  of  quartz-porphyry,  which  has  also 
been  folded,  and  thus  assists  in  bringing  out  the  basin-like  form  of  this 
fold.  The  observed  dips  upon  the  western  and  southern  sides  of  the  basin 
vary  from  25°  to  60°,  the  strike  curving  as  shown  upon  the  map.  Upon 
the  east  the  proximity  of  the  great  fault  has  somewhat  complicated  matters 
and  the  strata  dip  very  steeply  westward.  Section  A  A,  Atlas  Sheet  VIII, 
represents  the  relations  at  this  point.  The  intrusive  quartz-porphyry  men- 
tioned does  not  resemble  the  Chalk  Mountain  Nevadite,  and  yet  it  is  a 
coarsely  porphyritic  rock,  whose  prominent  constituents  are  large  sanidine- 
like  feldspars  and  well-formed  quartzes,  and  whose  general  habit  is  that  of  a 
comparatively  recent  rock.  The  facts  that  on  the  one  hand  this  body  ap- 
pears as  an  intrusive  sheet  which  has  been  folded  and  that  on  the  other  it 
is  cut  by  a  rhyolite  of  the  type  occurring  in  Chalk  Ridge  have  led  to  its 
classification  as  a  quartz-porphyry.  In  the  center  of  this  fold  are  several 
minor  bodies  of  rhyolite,  of  quartz-porphyry,  and  of  a  hornblendic  porphy- 
rite.  These  rocks,  as  well  as  the  fold  in  which  they  occur,  are  much  more 
important  features  in  the  geology  of  the  Ten-Mile  district,  and  the  further 
discussion  of  their  relations  will  be  reserved  for  the  report  upon  that  region. 

Mosquito  fault. — The  line  of  the  Mosquito  fault  is  well  defined  along  the 
base  of  the  steep  slope  of  Bartlett  Mountain  by  the  abrupt  transition  from 
sedimentary  to  crystalline  rocks;  but  farther  south,  where  it  crosses  the  open- 
ing of  the  Ten-Mile  amphitheater  and  the  valley  of  the  Arkansas,  owing  to 
the  covered  nature  of  the  surface,  its  exact  location  is  difficult  to  determine. 

At  the  foot  of  the  steep  western  slope  of  Bartlett  Mountain,  and  on  the 
very  northern  edge  of  the  map,  a  small  cliff-face  of  rock  juts  out  from  the 
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debris  slopes  east  of  the  fault  line.  Its  material  is  a  silicious  rock,  more 
or  less  iron-stained  and  of  somewhat  cherty  nature,  in  some  places  honey- 
combed and  porous  like  the  quartzite  knob  adjoining  the  London  fault  on 
Pennsylvania  Hill.  Its  structure  lines,  though  somewhat  indistinct,  appear 
to  indicate  a  vertical  dip  in  the  stratification,  and  among  the  fragments  at 
the  upper  part  of  the  cliff  are  some  of  limestone,  resembling  the  base,  of  the 
White  Limestone.  All  this  material  is  too  much  metamorphosed  to  permit 
of  an  absolute  identification  of  its  original  character,  but  it  evidently  belongs 
neither  to  the  Archean  on  the  east  side  of  the  fault,  nor  to  the  Upper  Coal 
Measure  beds  on  the  west.  It  is  fair  to  assume,  therefore,  that  it  represents 
a  portion  of  the  Cambrian  and,  possibly,  of  the  Silurian  beds  belonging  to 
the  steep  western  side  of  the  fold,  which  once  arched  over  the  top  of  Bartlett 
Mountain  (as  indicated  by  the  dotted  line  in  Section  A),  and  which,  by  the 
friction  and  pressure  that  accompanied  the  displacement  of  the  Mosquito 
fault,  have  been  compressed  and  metamorphosed  until  they  are  no  longer, 
recognizable.  Further  evidence  in  favor  of  this  view  is  found  on  Little 
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Bartlett  Mountain,  a  continuation  of  the  Bartlett  Mountain  ridge  just  beyond 
the  limits  of  the  map,  upon  which  a  fragment  of  Cambrian  beds,  consisting 
of  characteristic  saccharoidal  quartzite,  is  found  capping  the  summit  and 
extending  part  way  down  the  western  slope,  with  a  dip  of  45°  to  the  north- 
west. They  end  in  a  little  cliff  a  few  hundred  feet  above  the  fault  line,  on 
which  the  contact  with  the  underlying  granite  is  well  exposed;  a  bedding 
parallel  to  that  of  the  quartzite  can  be  traced  for  some  distance  into  the 
granite,  with  an  apparent  arrangement  of  the  feldspars  in  layers  parallel  to 
this  bedding.  The  actual  contact  consists  of  the  usual  fine-grained  con- 
glomerate, with  small  rounded  pebbles  of  limpid  quartz.  The  quartzite  at 
the  summit  of  Little  Bartlett  Mountain  alternates  with  Lincoln  Porphyry  in 
such  manner  as  to  make  it  probable  that  the  latter  is  a  relic  of  an  inter- 
bedded  intrusive  sheet, 

Arkansas  amphitheater. — In  the  A/kansas  amphitheater,  remarkable  for  its 
semicircular  form  and  magnificently  steep  eastern  walls,  which  rise  1,500  to 
2,500  feet  above  the  stream  bed,  the  debris  in  its  bottom  gives  evidence  of 
a  very  large  development  of  eruptive  dikes,  among  which  hornblende -por- 
phyrites  and  biotite-porphyrites  play  an  important  part.  Nearly  all  the 
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larger  masses  of  this  rock  contain  numerous  rounded  fragments  of  Archean 
schists,  gneiss,  and  granite.  One  of  the  most  prominent  features  is  a  body 
of  porphyrite,  near  the  summit  of  the  eastern  wall  of  the  amphitheater,  which 
can  be  traced  continuously  from  below  as  a  dark  horizontal  line.  Near  the 
head  it  sends  down  a  branch  across  the  cliffs  to  the  bottom ;  and  what  is 
probably  a  continuation  of  the  upper  branch  was  observed,  as  already 
mentioned,  in  Buckskin  amphitheater,  on  the  southeast  side  of  Democrat 
Mountain.  In  the  bottom  of  the  amphitheater,  near  its  head,  is  a  remarkable 
dike  of  porphyrite,  from  20  to  50  feet  wide,  which  has  a  straight  northeast 
and  southwest  course  and  cuts  through  the  narrow  wall  separating  this 
from  the  amphitheater  at  the  head  of  English  gulch.  The  main  body  of 
the  dike  is  a  fine-grained,  dark-colored  rock,  more  or  less  impregnated  with 
pyrites.  Irregularly  contained  within  its  mass  is  a  second  body  of  darker 
shade,  characterized  by  inclusions  of  rounded  orthoclase  pebbles  and  large 
crystals  or  rounded  grains  of  quartz.  A  specimen  of  this  singular  rock  is 
shown  in  Plate  VII  (p.  86).  It  is  evidently  a  later  eruption  within  the  mass 
of  the  previously  existing  dike.  Both  rocks  and  their  relations  are  described 
in  Appendix  A. 

In  the  Archean  rocks  here  exposed  are  found  all  the  types  previously 
described,  and  from  a  face  of  rock  at  the  head  of  the  amphitheater  was  made 
the  sketch,  which  is  shown  in  Fig.  1,  Plate  IV  (p.  52),  to  illustrate  the  relative? 
ages  of  the  different  varieties,  normal  mica-gneiss  being  the  oldest,  which  is 
penetrated  by  the  even-grained  eruptive  granite,  and  this  again  in  its  turn 
crossed  by  veins  of  white  pegmatite.  There  are  evidences  of  extensive  min- 
eralization, but  no  ore  bodies  have  been  sufficiently  opened  to  afford  an  op- 
portunity for  systematic  study.  Parallel  with  the  dike  in  the  bed  of  the 
creek,  at  the  head  of  the  amphitheater,  was  observed  a  deposit  of  galena, 
following  the  wall  of  one  of  the  larger  pegmatite  veins. 

In  the  mass  of  Mount  Arkansas  are  many  eruptive  bodies  which  could 
not  be  traced  out,  although  their  existence  was  shown  by  the  numerous 
fragments  in  the  debris.  On  a  northern  spur  of  the  mountain  two  dikes 
were  seen,  one  of  a  quartz-porphyry,  allied  to  the  Lincoln  type,  the  other  a 
hornblende-biotite-porphyrite; 
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Ten-Mile  and  Clinton  amphitheaters. — The  Archean  types  represented  in  the 
area  embracing  these  basins  are  as  varied  as  those  which  have  already  been 
described  from  the  adjacent  region  to  the  east  and  south.  In  Clinton  am- 
phitheater there  is  an  unusually  large  amount  of  the  rudely  porphyritic 
granite  referred  to  earlier  in  this  chapter,  and  in  both  are  numerous  dikes 
of  eruptive  rocks,  among  which  the  Lincoln  Porphyry  and  a  dark  horn- 
blendic  porphyrite  are  the  most  frequent.  These  bodies  cannot  be  indicated 
upon  the  map  with  satisfactory  accuracy,  and  are  for  the  most  part  omitted. 
A  rhyolitic  rock  of  coarse  grain  in  Ten-Mile  amphitheater  seems  more  closely 
related  to  the  Chalk  Mountain  Nevadite  than  to  any  other. 

Bartlett  Mountain,  which  separates  the  two  amphitheaters,  has  a  dike 
of  dark-green  porphyrite  running  through  its  summit  and  down  into  the 
Ten-Mile  basin.  Upon  the  western  slopes  of  this  mountain  are  large  masses 
of  white  quartz  which  might  at  first  glance  be  considered  as  derived  from 
a  remnant  of  the  Cambrian  strata  left  on  the  east  side  of  the  Mosquito 
fault,  but  they  are  quite  homogeneous  and  have  no  trace  of  the  granular  or 
sandy  structure  which  is  found  even  in  the  most  glassy  quartzites;  they 
were  probably  derived  from  some  of  the  vein-like  masses  of  quartz  which 
are  found  developed  on  a  large  scale  in  the  Archean  of  other  parts  of  the 
Rocky  Mountains,  and  which  have  been  removed  by  erosion.  Abundant 
evidences  of  glaciation  exist  in  these  as  in  other  amphitheaters  which  have 
been  described. 


CHAPTER  V. 

DESCRIPTIVE  GEOLOGY  OF  LEADVILLE  AND  VICINITY. 

GENEKAL    STRUCTURE. 

The  central  region  of  the  general  map  is,  as  has  already  been  seen, 
the  region  of  the  greatest  dynamic  as  well  as  eruptive  action.  A  section 
across  the  range  at  Leadville  shows,  as  the  result  of  dynamic  action,  five 
anticlinal  folds  and  six  principal  faults.  On  the  east  side  of  the  range,  as 
already  seen,  the  structure  is  relatively  simple.  The  beds  sloping  back  to 
the  eastward  are  broken  by  one  main  anticlinal  fold  and  its  accompanying 
fault,  the  London  fault.  On  the  west  of  the  crest,  however,  instead  of  one 
main  fault,  as  in  the  regions  north  and  south,  the  continuity  of  the  beds  is 
broken  up  by  six  principal  and  several  minor  faults. 

The  map  of  Leadville  and  vicinity  (Atlas  Sheets  XIII  and  XIV)  shows 
the  most  important  features  of  the  geology  of  that  region.  Its  eastern 
border  extends  to  within  two  or  three  miles  of  the  main  crest,  which  con- 
sists of  Archean  rocks  capped  by  easterly  dipping  Paleozoic  beds  and  in- 
trusive porphyries.  For  a  better  comprehension  of  the  description  which 
follows,  the  reader  is  requested  to  refer  constantly  to  this  map  and  its  ac- 
companying sections.  He  will  there  see  that  its  area  is  divided  into  a  series 
of  irregular  zones  or  blocks  by  the  lines  of  six  principal  faults  having  a 
general  north  and  south  direction.  For  purposes  of  description  these  have 
received  the  following  names,  commencing  on  the  east:  1,  Mosquito  fault; 
2,  Ball  Mountain  fault ;  3,  Weston  fault ;  4,  Mike  fault,  with  a  branch  called 
Pilot  fault ;  5,  Iron  fault ;  6,  Carbonate  fault,  with  a  branch  called  Pendery 
fault.  Besides  these  there  are  the  following  minor  and  cross  faults:  1 ,  on  the 
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southern  edge  of  the  map,  the  Iowa  gulch  cross-fault,  which  connects  the 
Weston  and  Ball  Mountain  faults ;  2,  the  Union  cross-fault,  which  extends 
from  the  head  of  Union  gulch  across  upper  Long  and  Deny  Hill  and  joins 
Weston  fault  in  the  bed  of  Iowa  gulch ;  3,  the  Colorado  Prince  fault,  north 
of  Breece  Hill,  a  diagonal  cross-fault  approximately  parallel  to  South  Evans 
gulch,  which  connects  Ball  Mountain  and  Weston  faults ;  4,  on  the  west 
slope  of  Breece  Hill  another  cross-fault,  the  Breece  fault,  running  nearly  east 
and  west,  joining  the  northern  end  of  Mike  fault  with  Weston  fault;  5,  a  little 
farther  west  the  Adelaide  cross-fault,  which  connects  Iron  and  Mike  faults; 
6,  at  California  gulch  the  southern  continuation  of  Iron  fault  is  formed  by 
three  different  faults :  Dome  fault,  connected  with  Iron  fault  by  the  Califor- 
nia cross-fault,  following  the  line  of  the  gulch,  and  Emmett  fault,  which 
connects  California  fault  with  Iron  fault.  Pilot  fault,  already  mentioned,  is 
a  short  north  and  south  fault,  crossing  California  gulch  above  Mike  fault, 
running  across  the  west  end  of  Printer  Boy  Hill,  and  joining  Mike  fault  in 
Iowa  gulch.  The  Pendery  fault,  already  mentioned,  and  the  South  Dyer 
fault,  a  cross-fault  running  eastward  from  the  Mosquito  fault  along  the  south 
slopes  of  Dyer  Mountain,  raise  to  seventeen  the  total  number  of  faults  rep- 
resented on  the  map. 

In  ground  broken  by  such  a  complicated  network  of  fractures  and 
subjected  since  to  the  enormous  erosion  which  is  shown  to  have  taken  place 
in  this  region,  it  is  extremely  difficult  even  for  a  trained  geologist  to  recon- 
struct ideally  the  original  folds  into  which  the  sedimentary  beds  and  their 
included  sheets  of  porphyry  were  once  compressed.  As,  however,  the  ac- 
tion of  faulting  was  so  intimately  connected  with  that  of  folding  and  the 
displacements  in  many  cases  pass  into  simple  folds,  it  is  essential,  in  order 
to  obtain  a  clear  idea  of  the  relative  position  of  the  different  beds  below 
the  surface  and  the  depths  at  which  they  may  be  found,  that  one  should  be 
able  to  reconstruct  in  his  mind  the  original  folds,  and  then  figure  to  himself 
the  faulting  action  which  has  brought  the  beds  into  the  discordant  juxta- 
position in  which  they  are  now  found  on  the  surface,  as  shown  on  the  map. 
For  this  purpose  the  general  structure  along  certain  east  and  west  lines 
will  be  first  described,  and  after  that  the  present  condition  of  the  surface 
and  the  underground  structure,  as  revealed  by  shafts  in  each  zone  or 
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block  of  ground  included  between  the  principal  fault-lines,  will  be  described 
in  detail.  The  three  cross-sections  of  the  general  map  which  cross  the  area 
of  the  Leadville  map  will  serve  perhaps  best  to  show  the  general  outlines 
of  structure. 

In  Section  E,  Atlas  Sheet  IX,  which  is  drawn  approximately  through 
the  middle  of  the  map,  and  which  may,  therefore,  be  considered  as  a  type- 
section,  the  effect  of  displacement  is  more  prominent  than  that  of  folding. 
Its  line  runs  through  the  southern  edge  of  the  town  of  Leadville  itself, 
across  Carbonate,  Iron,  and  Breece  Hills,  passing  just  north  of  the  crests  of 
Ball  Mountain  and  of  East  Ball  Mountain  to  the  summit  of  West  Dyer 
Mountain.  Along  this  line,  going  from  west  eastward,  the  following  are  the 
main  features  of  folding:  In  the  region  under  Leadville,  or  from  the  western 
edge  of  the  map  to  the  Carbonate  fault,  a  shallow  ayncline;  under  Carbon- 
ate Hill,  or  from  Carbonate  to  the  Iron  fault,  a  second  shallow  sy ncline ; 
and  from  Iron  Hill  eastward,  a  third ;  in  all  of  which  the  prevailing  dip  is 
eastward,  only  a  small  portion  of  the  easterly  edge  of  the  basin  having  a 
westerly  dip.  In  the  region  between  Iron  Hill  and  Ball  Mountain,  or,  in 
other  words,  on  the  western  slope  of  Ball  Mountain,  the  surface  is  so  uni- 
formly covered  with  Pyritiferous  Porphyry  that  there  is  no  direct  evidence 
of  any  folding,  although  a  slight  anticlinal  fold  might  be  expected  near  the 
line  of  the  Pilot  fault,  from  the  fact  that  one  exists  on  its  strike  both  north 
and  south.  At  Ball  Mountain  is  a  sharp  anticlinal  fold,  and  east  of  that  the 
beds  slope  back  in  a  monocline  to  the  eastward.  The  effect  of  displace- 
ment produced  by  the  faults  has  been  to  lift  each  successive  block  of  ground 
up  to  the  east  of  the  fault,  except  in  the  case  of  a  wedge-shaped  portion 
included  between  the  Mike  and  Pilot  faults,  in  which  there  has  been  a  slight 
downward  movement. 

On  an  east  and  west  line  south  of  this  (Section  I  I,  Atlas  Sheets  XIX 
and  XX),  the  beds  of  Blue  Limestone  would  be  first  met  about  due  south 
of  the  summit  of  Carbonate  Hill,  sloping  east  in  a  shallow  synclinal  basin 
and  rising  again  in  an  anticline  whose  axis  corresponds  to  the  southern 
continuation  of  the  Dome  fault.  The  crest  of  this  fold  having  been  planed 
off  bv  erosion,  the  contact  would  be  wanting  for  something  over  half  a  mile, 
and  be  found  at  the  head  of  Thompson  gulch  dipping  to  the  eastward,  but 
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rising  gently  as  it  approached  the  continuation  of  the  Mike  fault.  The 
ground  east  of  this  fault  having  been  lifted  up,  the  Blue  Limestone  has 
been  in  part  removed  by  erosion  and  would  next  be  found  at  the  Long  and 
Deny  mine,  sloping  again  eastward  as  far  as  Union  fault.  Beyond  this 
fault  it  has  again  been  removed  by  erosion,  a  little  remnant  only  being 
found  above  the  White  Porphyry  in  the  uplifted  portion  adjoining  the 
Weston  fault.  Between  this  and  the  Mosquito  fault  is  the  arch  of  an  anti- 
clinal fold  on  which  only  Lower  Quartzite  is  left.  Beyond  the  Mosquito 
fault  erosion  has  cut  down  to  the  Archean  rocks,  the  Blue  Limestone  being 
next  found  on  the  western  face  of  Mount  Sheridan,  along  either  of  whose 
sides  it  may  be  traced,  sloping  back  to  the  crest  of  the  main  ridge. 

On  the  line  of  the  section  north  of  the  first  described  (Section  D, 
Atlas  Sheet  VIII),  which  passes  through  Fryer  and  Yankee  Hills,  the 
faulting  action  is  less  prominent,  owing  to  the  fact  that  many  of  the  faults 
have  in  their  northern  continuation  merged  into  folds.  On  the  north  of 
Leadville,  extending  from  the  western  limit  of  the  map  to  the  eastern  edge 
of  the  town,  is  the  same  broad  syncline  noticed  in  the  first  section.  From 
here  to  the  western  edge  of  Fryer  Hill  is  a  short  anticline,  from  whose  crest 
the  Blue  Limestone  has  been  planed  off.  It  is  succeeded  by  a  shallow  syn- 
clinal fold  under  the  western  half  of  Fryer  Hill,  followed  by  a  short  anti- 
cline at  its  crest,  while  in  the  gulch  back  or  east  of  the  hill  is  found  the 
rim  of  a  deep  synclinal  basin  which  passes  under  Little  Stray  Horse  Park. 
At  the  west  foot  of  Yankee  Hill  the  ore-bearing  horizon  rises  to  the  surface 
and  descends  to  the  eastward  again  just  beyond  the  summit  of  this  hill,  the 
crest  of  the  intervening  anticlinal  fold,  into  which  the  northern  continua- 
tion of  the  Iron  fault  merges,  having  been  eroded  off.  From  this  point  the 
strata  descend  to  the  eastward,  rising  in  a  gentle  wave  near  the  Great  Hope 
mine,  but  not  reaching  the  surface,  and  then  sloping  again  eastward  until 
they  rise  on  the  South  Evans  anticline  or  are  cut  off  by  Weston  fault. 
East  of  Weston  fault,  in  the  region  around  the  mouth  of  South  Evans 
gulch,  is  another  anticline  or  quaquaversal  fold,  whose  summit  has  been  worn 
away,  leaving  the  outcrops  of  succeeding  beds  in  a  series  of  concentric 
rings.  On  the  east  of  this  fold  the  beds  slope  continuously  to  the  eastward 
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at  angles  of  from  15°  to  20°,  a  conformable  series,  extending  high  up 
into  the  Weber  Grits,  being  still  left  uneroded  on  the  summit  of  Little  Ellen 
Hill. 

In  Section  C,  Atlas  Sheet  VIII,  which  follows  nearly  the  northern 
boundary  of  the  map,  the  faults  have  apparently  all  been  eliminated,  and 
the  outlines  of  formations  shown  on  the  map  owe  their  form  entirely  to 
folding  and  erosion.  One  broad  anticline  under  the  west  slope  of  Pros- 
pect Mountain  and  a  shallow  syncline  in  the  Arkansas  Valley  express  the 
broader  general  features  of  folding.  Near  this  line,  at  the  mouth  of  the 
east  fork  of  the  Arkansas,  are  found  the  westernmost  actual  exposures  of 
Paleozoic  rocks  within  the  area  surveyed.  These  consist  of  beds  belong- 
ing to  the  Lower  Quartzite  formation,  exposed  in  the  bed  of  the  stream  and 
in  the  cliffs  south  of  it,  dipping  to  the  southeast.  They  constitute  the  most 
definite  evidence  of  the  synclinal  basin  supposed  to  underlie  the  town  of 
Leadville. 

DISTRIBUTION    OF    PORPHYRY    BODIES. 

Before  proceeding  to  the  detailed  description  of  this  region  it  will  be 
well  to  give  a  brief  outline  of  the  distribution  of  the  various  porphyry 
bodies,  which  form  so  important  an  element  in  its  structure  and  have  had  so 
great  an  influence  upon  its  ore  deposition.  It  is  first  to  be  observed  that 
the  features  of  this  distribution  have  a  certain  uniformity  along  northwest 
and  southeast  lines  in  approximate  parallelism  with  the  line  of  major  strike 
of  the  sedimentary  beds.  As  by  far  the  greater  portion  of  these  bodies  arc; 
in  the  form  of  sheets  either  actually  or  approximately  conformable  with  the 
bedding  of  the  inclosing  sedimentary  rocks,  in  cases  where  explorations 
were  insufficient  to  determine  whether  they  were  sheets  or  transverse  dikes 
the  former  has  been  assumed  to  be  the  case  in  drawing  the  ideal  portion  of  the 
various  sections,  and  dikes  have  been  indicated  only  when  actual  explora- 
tions have  proved  that  they  were  coming  up  directly  from  below.  It  may 
readily  happen,  therefore,  in  the  case  of  imperfectly  explored  bodies,  that 
future  explorations  may  show  the  latter  form  to  be  more  common  than  lias 
been  indicated  in  the  sections. 

white  Porphyry. — The  most  important  of  these  bodies  is  the  White  Por- 
phyry, which  is  generally  found  as  a  sheet  immediately  overlying  the  Blue 
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Limestone.  As  it  forms  the  surface  rock  over  a  great  part  of  the  area,  and 
has  hence  been  subjected  to  considerable  erosion,  it  is  impossible  to  deter- 
mine its  maximum  thickness.  Its  original  extent  to  the  southwest  is  also 
completely  unknown,  since  it,  together  with  the  inclosing  sedimentary  beds, 
has  been  entirely  eroded  off  from  this  portion  of  the  area.  Along  a  certain 
zone,  moreover,  it  occurs  below  as  well  as  above  the  Blue  Limestone.  This 
lower  body  is  connected  with  the  upper  or  main  sheet  along  a  line  running 
diagonally  through  the  south  edge  of  Fryer  Hill,  in  a  southeast  direction, 
toward  upper  Long  and  Deny  Hill  and  West  Sheridan,  to  the  northeast  of 
which  there  are  two  sheets  of  porphyry,  and  to  the  southwest  only  one. 
On  this  line,  which  is  rather  a  zone  than  a  line  and  can,  in  the  nature  of 
things,  be  only  approximately  determined,  it  is  found  that  there  is  a.  cross- 
cutting  sheet  of  porphyry  connecting  the  two  sheets  to  the  northeast  with 
the  one  sheet  to  the  southwest,  and  the  Blue  Limestone  is  in  consequence 
found  to  be  split  into  wedge-shaped  and  partially-overlapping  bodies.  The 
greatest  development  of  White  Porphyry  appears  to  be  a  little  southwest  of 
this  zone  of  cross-cutting,  on  a  line  passing  through  Carbonate,  Iron,  Printer 
Boy,  and  Long  and  Deny  Hills,  where  it  attains  in  places  a  possible  thick- 
ness of  1,000  feet.  To  the  northeast  of  this  zone  both  sheets  thin  out  rap- 
idly, the  lower  one  before  reaching  a  line  running  through  the  forks  of 
Little  Evans  and  along  the  general  course  of  South  Evans  gulch,  and  the 
upper  one  at  a  little  distance  beyond  this  line.  Along  a  line  running  N. 
50°  W.  from  the  saddle  east  of  Ball  Mountain  to  the  East  Arkansas  Valley, 
at  the  foot  of  Canterbury  Hill,  this  upper  sheet  is  entirely  wanting  for  short 
distances,  coming  in  again,  however,  northeast  of  that  line. 

Besides  these  two  main  sheets  there  is  a  very  considerable  development 
of  White  Porphyry  along  a  southeast  zone,  passing  just  east  of  the  crest  of 
Ball  Mountain,  where  it  occurs  in  the  White  Limestone  and  extends  down 
to  the  contact  of  the  Archean.  It  is  a  significant  fact  that  in  this  zone  it 
has  been  proved  in  two  instances  to  be  cutting  up  through  the  Archean,  in 
the  one  case  in  South  Evans  gulch,  near  its  mouth,  and  again  on  the  north 
side  of  Iowa  amphitheater. 

Gray  Porphyry. — Next  to  the  White  Porphyry  the  most  important  body  is 
the  main  sheet  of  Gray  Porphyry,  which,  northeast  of  the  Fryer  Hill-Slier- 
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idan  line,  is  found  directly  over  the  upper  sheet  of  White  Porphyry  in  very 
considerable  thickness.  How  great  this  thickness  may  have  been  there  is  no 
direct  means  of  determining,  since,  except  on  Prospect  Mountain  (where  no 
shafts  have  been  sunk  to  any  great  depth),  no  sedimentary  rock  remains 
above  it  to  give  its  upper  limits.  Its  greatest  observed  thickness  is  420  feet 
in  the  Independent  shaft.  What  was  the  original  extent  to  the  southward 
of  this  Gray  Porphyry  sheet  before  any  portion  of  it  had  been  removed 
by  erosion,  there  is  also  no  means  of  determining.  At  present  it  extends 
but  little  beyond  the  median  line  of  the  map.  Its  source  must  probably  be 
looked  for  to  the  northward,  beyond  the  limits  of  the  map,  since  in  that 
direction  it  passes  into  Lincoln  or  Eagle  River  Porphyry,  of  which  it  seems 
to  be  merely  a  decomposed  variety. 

Pyritiferous  Porphyry. — Next  in  importance  in  point  of  superficial  extent, 
and  possibly  of  greater  importance  in  its  bearing  on  the  ore  deposits  of  the 
region,  is  the  Pyritiferous  Porphyry.  The  main  sheet  of  this  porphyry, 
which  covers  the  lower  slopes  of  Breece  Hill,  seems  to  be  a  stratigraphical 
replacer  of  the  Gray  Porphyry,  which  however,  along  the  line  of  the  Breece 
fault,  it  overlaps.  It  may  therefore  be  supposed  to  have  been  in  point  of 
time  a  later  intrusion.  As  is  shown  in  Section  G,  one  of  the  vents,  and 
possibly  the  sole  vent,  probably  existed  beneath  California  gulch  Its  ex- 
tent to  the  north  and  east  could  not  have  been  much  greater  than  at  present. 
To  the  south  and  west,  however,  it  may  have  covered  a  considerably  larger 
area  immediately  above  the  White  Porphyry.  Of  the  upper  sheets  in  the 
Weber  Grits  no  opinion  can  be  formed,  so  completely  has  all  trace  of  this 
formation  been  removed  by  erosion.  It  is  perhaps  fair  to  assume  that  it  ex- 
tended to  the  south  as  far  as  the  present  crest  of  Long  and  Derry  Ridge, 
and  to  the  westward  over  Irpn  Hill,  and,  possibly,  as  far  as  Carbonate  Hill. 

other  porphyries. —  Of  the  other  bodies  of  porphyry,  the  most  important  in 
their  bearing  upon  the  ore  deposition  of  the  region  are  those  which  are 
essentially  of  the  same  rock  as  the  main  sheet  of  Gray  Porphyry,  though 
having  no  apparent  connection  with  it.  The  most  extensive  sheet  of  this 
rock  is  found  under  Iron  and  Carbonate  Hills,  near  the  base  of  the  Blue 
Limestone,  and  cutting  up  across  this  horizon  to  the  westward;  various  irreg- 
ular, dike-like  bodies  found  in  the  different  mines  are,  doubtless,  offshoots 
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from  this  sheet.  A  small  sheet  is  found  above  the  Blue  Limestone  on  Iron 
and  Dome  Hills.  A  large  body,  probably  coming  up  from  below,  occurs  on 
the  southeast  face  of  Yankee  Hill,  extending  across  Adelaide  Park.  Several 
small  sheets  are  found  in  the  White  Limestone  on  the  north  end  of  Iron  Hill 
and  in  California  gulch,  and  three  well-developed  dikes  cross  Printer  Boy 
and  Long  and  Derry  Hills. 

On  the  northwest  slope  of  Printer  Boy  Hill  the  Printer  Boy  Porphyry 
forms  an  important  mass ;  in  Iowa  gulch  is  the  Green  Porphyry,  under  the 
White  Limestone;  and  on  Long  and  Deny  Ridge,  the  Josephine  Porphyry, 
above  the  Blue  Limestone.  Mount  Zion  Porphyry,  which  is  closely  allied 
to  the  White  Porphyry,  forms  a  body  of  great  thickness  in  the  Weber  Grits 
on  Prospect  Mountain,  and  is  found  also  in  Evans  gulch,  but  seems  to  be 
simply  a  local  occurrence  which  reaches  its  greatest  development  beyond 
the  limits  of  the  map,  and  has  apparently  had  little  or  no  influence  upon 
the  ore  deposits  of  the  district. 

In  what  follows  will  be  given  in  detail  the  various  facts  upon  which 
the  geological  deductions  represented  on  the  map  and  sections  have  been 
founded,  which  will  probably  prove  of  interest  only  to  those  who  wish  to 
verify  these  deductions  on  the  ground  or  examine  into  their  soundness. 
For  convenience  of  description  the  region  will  be  divided  into  the  areas 
naturally  blocked  out  by  the  lines  of  the  principal  faults,  and  these  will  be 
treated  in  topographical  order,  proceeding  from  the  east  westward,  and  in 
each  block  from  the  south  northward. 

AREA    EAST    OF    MOSQUITO    FAULT. 

Between  Mosquito  fault  and  the  crest  of  the  range  is  a  considerable 
area,  occupied  principally  by  Archean  exposures,  whose  description  prop- 
erly belongs  to  that  of  the  Leadville  region,  although  only  a  small  por- 
tion of  it  is  actually  shown  in  the  extreme  southeast  corner  of  that  map. 
In  it,  immediately  below  the  main  crest,  are  the  two  great  glacial  amphi- 
theaters in  which  headed  the  glaciers  that  carved  out  Evans  and  Iowa 
gulches,  and  which  offer  the  best  opportunities  in  the  immediate  vicinity  of 
Leadville  for  the  study  of  the  relations  of  the  ancient  crystalline  rocks  and 

of  the  eruptive  bodies  that  have  been  intruded  through  them  into  the  over- 
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lying  Paleozoic  formations.  Their  scenery  is  moreover  of  an  imposing  and 
Alpine  character  that  would  hardly  be  expected  from  the  somewhat  tame 
appearance  of  the  immediate  vicinity  of  the  city  itself.  For  this  reason  a 
view  of  the  more  picturesque  and  instructive  of  the  two,  that  of  Iowa  am- 
phitheater, has  been  chosen  for  the  frontispiece  of  this  volume. 

Frontispiece.  —  Iowa  amphitheater,  as  will  be  seen  on  the  Mosquito  map, 
is  a  bowl-shaped  depression  some  2,500  feet  deep,  with  three  main  branches 
or  subsidiary  amphitheaters  extending  up  to  the  north,  northeast,  and  south 
between  the  bounding  peaks,  Dyer  Mountain,  Mount  Sherman,  and  Mount 
Sheridan.  The  view  given  in  the  frontispiece  is  the  reproduction  of  a  not 
altogether  satisfactory  photograph  taken  from  a  point  on  the  north  side  of 
Iowa  gulch,  at  the  foot  of  the  steeper  southern  slope  of  East  Ball  Mountain. 
The  spur  in  the  foreground,  on  the  right,  is  a  portion  of  the  north  slope  of 
West  Sheridan,  formed  of  Archean  rocks  capped  by  Lower  Quartzite  ;  that 
on  the  left  is  the  south  spur  of  East  Ball  mountain,  along  which  runs  the 
Mosquito  fault;  while  the  background  is  formed  by  the  west  face  of  Mount 
Sherman,  an  almost  vertical  wall  2,400  feet  in  height.  On  this  wall  the 
up  per  1,400  feet  are  occupied  by  the  main  sheet  of  White  Porphyry,  over- 
lying the  lower  Paleozoic  beds,  in  which  are  also  several  minor  sheets  of 
the  same  rock,  too  small  to  be  indicated  except  in  a  general  way  on  the 
Mosquito  map ;  and  the  base  of  the  cliff  is  formed  by  Archean  rocks.  In 
the  view  the  horizontal  lines  of  the  stratified  beds  can  be  readily  distin- 
guished from  the  somewhat  gothic  forms  of  weathering  of  the  great  mass 
of  porphyry  above,  but  the  lower  portions  of  the  cliff  are  almost  entirely 
hidden  beneath  talus  slopes  of  debris,  through  which  only  here  and  there 
projects  a  portion  of  the  Archean  granite. 

In  the  granite  exposures  on  the  south  bank  of  Iowa  Creek,  a  little 
above  the  point  from  which  the  frontispiece  view  is  taken,  are  the  best 
examples  of  glacier  action  on  rock  surfaces  in  this  region.  The  granite 
bosses  here  have  a  gentle  slope  to  the  east  and  are  steep  on  the  west,  the 
whola  upper  surface  of  the  rock  being  beautifully  polished,  grooved,  and 
striated,  and  the  lines  being  parallel  with  the  direction  of  the  gulch.  These 
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striation  lines  are  particularly  fine  on  the  surface  of  the  large  feldspar  crys- 
tals, where,  when  closely  examined,  they  are  seen  to  resemble  the  parallel 
lines  of  a  steel  engraving. 

Mosquito  fault.  —  The  average  course  of  Mosquito  fault,  which  forms  the 
western  boundary  of  this  area,  is  magnetic  north  or  north  15°  east.  From 
the  point  where  it  branches  off  from  the  Weston  fault,  in  the  bed  of  Empire 
gulch,  it  runs  across  Upper  Long  and  Derry  Ridge  at  the  foot  of  the  steep 
face  of  West  Sheridan,  through  Iowa  gulch,  along  the  west  face  of  East 
Ball  Mountain,  and  through  the  narrow  saddle  on  the  ridge  between  West 
Dyer  Mountain  and  Little  Ellen  Hill  into  Evans  amphitheater,  which  it 
crosses  diagonally,  near  if  not  actually  through  the  shaft  of  the  Best  Friend 
mine,  to  the  foot  of  the  zigzag  road  descending  from  Mosquito  pass.  Ow- 
ing to  the  absence  of  shafts  in  the  region,  its  location  can  only  be  determined 
by  actual  rock  outcrops,  and  where  these"  are  obscured  by  debris  it  may 
vary  a  little  one  way  or  the  other  from  that  given  on  the  map.  Its  throw, 
which  varies  somewhat  at  different  points,  may  be  taken  at  an  average  of 
4,000  feet. 

Minor  faults.  —  Of  the  minor  or  cross  faults  in  this  area  only  one,  the 
South  Dyer  fault,  appears  on  the  Leadville  map.  By  its  movement,  which 
was  an  upthrow  to  the  north,  a  fragment  of  the  Lower  Quartzite  beds,  with 
an  included  sheet  of  White  Porphyry,  has  been  left  on  the  southwest  spur 
of  East  Ball  Mountain,  where  it  forms  a  shoulder  half-way  down  the  slope 
and  is  entirely  surrounded  by  Archean  outcrops.  Beyond  the  line  of  the 
map  it  crosses  the  south  foot  of  Dyer  Mountain,  where  a  dike  of  White 
Porphyry  cuts  through  the  Archean  on  its  probable  continuation  and  joins 
the  Sheridan  fault  in  the  bed  of  Iowa  gulch.  The  Sheridan  fault  runs  at 
right  angles  to  the  former  in  a  southwest  direction  across  .the  saddle  between 
Mount  Sheridan  and  West  Sheridan,  and  is  supposed  to  join  Weston  fault 
in  the  north  head  of  Weston  gulch.  Its  movement  is  a  slight  upthrow  to 
the  east,  and  the  combined  displacement  of  these  two  faults  explains  the 
existence  of  a  singular  triangular-shaped  mass  of  White  Limestone  and 
Lower  Quartzite  at  the  entrance  to  the  north  branch  of  Iowa  amphitheater, 
in  the  very  bed  of  the  gulch.  As  the  normal  continuation  of  these  beds  is 
found  high  up  on  the  face  of  the  surrounding  mountains,  it  might,  seem  at 
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first  to  have  been  dropped  down  here  by  a  sudden  sinking  of  the  ground. 
Nearly  parallel  with  the  South  Dyer  fault  is  the  Dyer  Mountain  fault,  whose 
presence  is  indicated  by  a  slight  discrepancy  in  the  stratified  beds  at  the  head 
of  Dyer  and  North  Iowa  amphitheaters.  Its  extent  as  well  as  its  movement 
is  apparently  small,  as  it  could  not  be  traced  beyond  these  valleys  in  either 
direction,  and  in  the  Dyer  amphitheater  is  shown  only  on  the  east  wall, 
there  being  apparently  no  break  in  the  lines  of  stratification  on  the  West 
Dyer  Mountain  side.  The  amount  of  displacement  caused  by  these  two 
faults  is  shown  in  Section  M,  Atlas  Sheet  X. 

West  Sheridan. — West  Sheridan  Mountain,  which  is  in  point  of  fact 
simply  a  Y-shaped  spur  extending  out  westward  from  the  main  Mount  Sher- 
idan, has,  as  it  were,  three  summits,  two  of  which  are  capped  by  the  remains 
of  the  White  Porphyry  sheet,  which  here  separates  the  Blue  Limestone  from 
the  White.  The  remainder  of  the  crest  of  the  ridge  is  formed  by  beds  of 
White  Limestone,  under  which  is  a  fringing  outcrop  of  Lower  Quartzite. 
In  those  on  the  north  and  west  slopes  are  several  small  bodies  of  White 
Porphyry.  An  estimate  of  the  thickness  of  White  Limestone  and  Lower 
Quartzite  on  the  western  face  of  the  south  and  north  spurs  of  West  Sheri- 
dan, respectively,  gave  250  and  275  feet,  the  difference  being  accounted  ior 
by  included  sheets  of  White  Porphyry. 

Dyer  Mountain.  —  Dyer  Mountain,  as  shown  in  Section  M,  whose  line  runs 
from  the  summit  of  the  mountain  southward  through  the  spur  represented 
in  the  photograph,  is  composed  of  the  following  beds  in  descending  series: 


Sacramento  Porphyry. 
Weber  Grits." 
White  Porphyry  (main 
Blue  Limestone. 


White  Limestone. 
Lower  Quartzite. 
White  Porphyry. 
Archeau. 


The  main  sheet  of  White  Porphyry  is  the  cap-rock  of  that  portion  of 
spur  shown  in  the  frontispiece.  The  lines  of  stratification  on  the  face  of 
the  spur  toward  the  observer,  dipping  gently  to  the  north  toward  the  head 
of  Dyer  amphitheater,  belong  to  the  Lower  Quartzite  and  to  the  underlying 
bed  of  White  Porphyry,  which  is  here  two  hundred  to  three  hundred  feet  in 
thickness.  On  the  south  face  of  this  spur,  toward  Iowa  gulch,  in  the  Archean 
apparently  near  or  on  the  line  of  the  South  Dyer  fault,  is  an  irregular  out- 
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crop  of  White  Porphyry,  somewhat  in  'the  form  of  a  dike,  parallel  to  the  fault, 
but  with  ramifying  branches  extending  in  various  directions.  This  body 
is  interesting  as  being  one  of  the  few  cases  where  the  White  Porphyry 
could  be  seen  to  have  been  directly  erupted  through  the  Archean,  and  is 
very  probably  the  source  from  which  the  lower  sheets  of  this  rock  have 
spread  out  between  the  lower  Paleozoic  beds  below  the  horizon  of  the 
Blue  Limestone ;  it  seems  hardly  of  sufficient  size,  however,  to  account  for 
the.  immense  thickness  of  the  main  sheet  of  White  Porphyry  above  that 
horizon,  and  whose  source,  as  already  shown,  is  supposed  to  exist  in  the 
White  Ridge  near  the  head  of  Four- Mile  Creek. 

'  On  the  east  wall  of  Dyer  amphitheater,  in  the  upper  part  of  the  White 
Limestone  near  the  Parting  Quartzite,  are  the  deposits  of  the  Dyer  mine, 
from  which  the  mountain  has  derived  its  name.  This  mine  is  one  of  the 
earliest  discoveries  of  the  district,  antedating  by  many  years  that  of  the 
carbonate  mines,  but  owing  to  its  great  altitude  and  difficulty  of  access  it 
has  been  but  intermittently  worked.  A  section  measured  along  a  steep 
hillside,  with  a  slope  of  32°,  just  south  of  the  Dyer  mine,  gave  the  follow- 
ing thicknesses: 


Lower  Carboniferous 


Silurian 


Feet. 

(      Blue  Limestone : 

\  Dark  blue,  weathering  black,  with  black  chert 150 

f      Parting  Quartzite: 

Sandstone  and  silicious  limestone  .   .   10 

White  Limestone : 

Thin-bedded,  bluish  limestone 35 

Light-blue  limestone,   couchoidal  fracture,  passing. 

into  pinkish,  clayey  material 15 

Gray,  semi-crystalline  limestone 40 

Sanely  lime  tone,  with  some  sandstone 30 

White,  silicious  limestone 10 


150 


140 


Cambrian . 


Lower  Quartzite  : 

Red-cast  beds 10 

Reddish  brown  qnartzites 50 

White,  saccharoidal  quartzite 100 


1(10 


White  Porphyry,  200  feet. 
Archean Granite 
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Just  below  the  Dyer  mine  a  bed  of  limestone  of  a  light  steel-blue  color 
is  singularly  changed  into  a  light-pink,  clayey  material,  so  different  in  ap- 
pearance from  the  unaltered  rock  that  a  partial  analysis  of  the  two  was 
made  in  order  to  determine  the  chemical  change  that  had  produced  this 
appearance.  The  following  figures  were  obtained: 

Unaltered  limestone.       Altered  limestone. 

Lime 20.31  19.21 

Magnesia 10.35  0.58 

Alumina  and  iron 0.23  5.23 

Insoluble 31.27  34.56 

From  which  it  is  seen  that  the  alteration  consists  mainly  in  the  removal 
of  a  portion  of  the  soluble  bases  and  a  consequent  relative  increase  in  the 
proportion  of  silica.  It  also  shows  that  a  very  essential  change  in  the 
physical  character  of  a  rock  may  be  made  by  the  action  of  percolating 
waters,  with  very  little  actual  chemical  change. 

The  break  in  the  beds  north  of  the  Dyer  mine,  caused  by  the  move- 
ment of  South  Dyer  fault,  is  very  evident  in  the  Blue  Limestone,  but  cannot 
be  traced  much  below  that  horizon.  On  the  west  wall  of  the  Dyer  amphi- 
theater the  beds  slope  up  the  face  of  West  Dyer  Mountain  in  an  unbroken 
line,  showing  no  trace  of  the  fault;  the  main  sheet  of  White  Porphyry 
which  forms  the  saddle  between  Dyer  and  Evans  amphitheaters  thins  out  very 
rapidly  to  the  northwest,  and  on  the  face  of  West  Dyer  Mountain  shows  an 
outcrop  of  only  about  ten  feet,  the  summit  of  the  peak  being  formed  by  a 
few  remaining  beds  of  Weber  Grits. 

Evans  amphitheater.  —  The  basin  at  the  head  of  South  Evans  gulch,  as 
well  as  the  main  Evans  amphitheater,  shows  mainly  outcrops  of  Archean 
rocks,  those  of  the  Weber  Grits,  which  adjoin  them  west  of  the  fault  line, 
being  generally  covered  by  debris.  The  wall  of  Mount  Evans  facing  the 
amphitheater  presents  similar  conditions  to  the  wall  at  the  head  of  Iowa 
gulch,  namely,  an  eruptive  mass  underlaid  by  horizontal  stratified  beds, 
and  the  same  strong  contrast  in  their  weathered  forms,  the  difference  being 
that  in  this  case  it  is  the  Sacramento  instead  of  the  White  Porphyry  that 
forms  the  intrusive  mass.  In  a  shallow  ravine  on  this  wall  just  south  of 
the  Mosquito  pass  there  is  a  slight  break  in  the  continuity  of  sedimentary 
outcrops,  caused  by  a  small  cross-fault  with  a  slight  upthrow  on  the  north. 
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East  Bali  Mountain.  —  The  crest  of  what  is  known  as  East  Ball  Mountain, 
which  is  in  reality  only  a  spur  of  West  Dyer  Mountain,  is  capped  by  Lower 
Quartzite,  with  a  sheet  of  White  Porphyry  between  it  and  the  underlying 
Archean.  This  sheet  is  evidently  the  same  which  has  already  been  noticed 
on  the  south  spur  of  Dyer  Mountain ;  in  the  recess  of  Dyer  amphitheater, 
however,  it  must  cut  partly  across  the  Lower  Quartzite,  since  on  the  west 
wall  of  the  amphitheater  there  is  a  considerable  thickness  of  Lower  Quartz- 
ite below  the  White  Porphyry. 

AREA    BETWEEN    MOSQUITO    AND    BALL  MOUNTAIN   FAULTS. 

Bali  Mountain  fault.  —  The  direction  of  the  Ball  Mountain  fault  is  some- 
what to  the  west  of  north,  nearly  parallel  with  that  of  the  Weston  fault, 
and  therefore  convergent  with  the  Mosquito  fault,  which  it  joins  on  the  crest 
of  the  Upper  Long  and  Deny  Ridge  at  the  foot  of  the  steep  slope  of  West 
Sheridan.  From  here  it  runs  in  a  direct  line  across  Iowa  gulch,  through 
the  top  of  Ball  Mountain,  and  bends  sharply  to  the  west  on  its  northern 
slope,  passing  through  the  End  Squeeze  or  Cleopatra  shaft  (F-12).1  Its 
movement  is  defined  here  by  the  Fat  Purse  (F-17),  which  is  in  Weber  Grits 
on  the  west  of  the  fault,  and  the  John  Mitchell  (E-ll),  which  is  in  Lower 
Quartzite  on  the  east;  it  then  runs  northward  across  South  Evans  gulch, 
through  the  Nevada  tunnel,  which  has  been  driven  nearly  three  hundred 
feet  on  its  line,  and  just  west  of  the  Seneca  shaft,  which  is  in  the  White 
Limestone.  Farther  north  its  existence  is  shown  only  by  the  widening  of 
the  outcrop  of  Weber  Shales  and  by  a  slight  discrepancy  in  the  outlines 
of  the  body  of  Mount  Zion  Porphyry  in  Evans  gulch.  Its  movement  of 
displacement  is  an  upthrow  on  the  east,  which  has  a  maximum  at  the  south- 
ern end,  or  in  Iowa  gulch,  of  2,250  feet,  and  gradually  decreases  to  the 
northward,  being  only  a  few  feet  in  Evans  gulch  and  disappearing  entirely 
in  Prospect  Mountain. 

Prospect  Mountain  Ridge.  —  On  the  spur  from  Prospect  Mountain  west  of 
the  Prospect  amphitheater,  which  is  on  the  line  of  the  fault,  there  is  a  slight 
variation  in  the  regular  easterly  dip  of  the  Weber  Grits,  which  suggests 

1  The  letters  aud  numbers  following  the  names  of  shafts  indicate,  respectively,  the  square  aud 
the  uumber  within  that  square,  by  means  of  which  the  shaft  may  be  fouud  ou  the  Leadville  map. 
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that  the  influence  of  the  fault  has  produced  a  slight  anticlinal  fold.  Pros- 
pect Mountain,  from  its  summit  eastward  to  the  foot  of  Mosquito  pass,  is 
made  up  of  coarse  sandstones  and  micaceous  shales  of  the  Weber  Grits 
formation,  which  dip  a  little  north  of  east. 

Little  Eiien  Hiii. — The  same  beds  are  found  to  extend  through  the  main 
portion  of  Little  Ellen  Hill  and  across  the  upper  part  of  South  Evans  gulch, 
and  outcrops  where  visible  have  a  prevailing  dip  of  20°  to  the  eastward. 
The  lines  of  structure  in  a  series  of  beds  of  such  uniform  composition  are 
difficult  to  trace  in  a  country  where  the  surface  is  so  much  obscured  as  here. 
It  is  possible,  therefore,  that  the  eastern  ends  of  Sections  A,  B,  C,  and  D, 
which  pass  through  this  region  and  have  been  constructed  somewhat  theo- 
retically, give  too  great  a  thickness  for  this  formation;  in  other  words,  place 
the  ore  horizon  at  too  great  a  depth  below  the  surface,  since  the  structure 
lines  obtained  from  other  portions  of  the  region,  where  definite  data  are 
more  frequent,  show  no  such  extent  of  regular  slope,  but  much  more  fre- 
quent waves  or  folds.  Such,  however,  have  not  been  indicated  here,  as  in 
the  absence  of  definite  data  they  would  be  purely  imaginary. 

Eruptive  dikes. — In  this  area  are  several  outcrops  of  eruptive  bodies, 
which  apparently  belong  rather  to  the  dike  type  than  to  that  of  intrusive 
sheets.  Two  of  these  occur  on  Prospect  Mountain  ridge,  the  easternmost  of 
which  is  a  coarse-grained  quartz-porphyry,  with  large  orthoclase  feldspars, 
resembling  the  Lincoln  Porphyry;  its  feldspars  are  partly  reddish  and 
partly  light  green,  the  coloring  being  due  to  iron  oxide  on  the  one  hand, 
or  to  light-green  mica  as  an  alteration  product  on  the  other.  The  western 
of  these  dikes  is  a  fine-grained,  dioritic-looking  rock,  similar  to  that  found 
in  the  Arkansas  Valley  between  Indiana  and  Bird's  Eye  gulches  and  at  the 
heads  of  these  gulches.  On  the  north  slope  of  Little  Ellen  Hill  is  an  out- 
crop of  the  same  coarse-grained  porphyry  that  is  found  in  the  eastern 
dike.  In  the  bed  of  Evans  gulch,  above  the  Virginius  mine  and  extend- 
ing up  some  distance  on  the  north  side  of  the  gulch,  is  an  eruptive  mass  of 
rather  irregular  form,  whose  outlines  are  somewhat  obscured  by  surface 
accumulations.  It  belongs,  as  well  as  could  be  ascertained  from  the  par- 
tially decomposed  specimens  obtained,  to  the  Mount  Zion  type  of  porphyry. 
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Coal  in  Weber  Shales. — The  carbonaceous  beds  of  the  Weber  Shales  series 
are  unusually  well  developed  in  this  region  and  often  contain  considerable 
impure  anthracite.  The  greatest  developments  of  this  coal  are  found  in  the 
Ellesmere  (B— 2)  and  Little  Providence  (C— 8)  shafts,  in  the  former  of  which 
it  is  said  to  have  a  thickness  of  eighteen  inches  and  in  the  latter  of  seven  feet. 
The  coal,  however,  has  thus  far  proved  too  impure  to  be  of  economic 
value.  Similar  beds  of  coal  have  been  observed  by  the  writer  at  what  is 
very  probably  nearly  the  same  horizon  in  the  Pancake  Mountains  west  of 
White  Pine,  a  short  distance  from  Argenta  on  the  Central  Pacific  Railroad, 
and  some  30  miles  north  of  Elko  on  Coal  Creek,  in  Nevada.  Explora- 
tions at  all  these  localities  have,  however,  failed  to  develop  any  workable 
beds  of  good  coal.  In  a  region  like  Colorado,  therefore,  where  the  Creta- 
ceous formations  which  are  known  to  contain  abundant  beds  of  excellent 
coal  are  so  widely  developed,  it  seems  scarcely  advisable  to  spend  much 
labor  in  searching  for  coal  at  this  lower  horizon.  The  name  "Carbon- 
iferous," which  was  given  to  this  formation  in  the  early  days  of  geology, 
when  it  was  supposed  to  be  the  only  coal-bearing  horizon,  is  a  practical 
misnomer  in  the  Rocky  Mountain  region,  and  apt  to  mislead  the  untechnical. 

Blue  Limestone. — The  outcrop  of  Blue  Limestone  from  the  point  where 
the  Ball  Mountain  fault  crosses  South  Evans  gulch,  just  below  the  Seneca 
shaft,  follows  up  the  north  bank  of  the  gulch  and  then  bends  to  the  south  up 
Alps  gulch  to  the  saddle  between  Ball  Mountain  and  East  Ball  Mountain. 
Its  existence  is  proved  by  explorations  of  the  Little  Rische  (G— 6),  Little 
Ellen  (G-5),  Lulu(G-4),  Izzard  (Gr-3),  Gnome  (G-2),  Wall  Street  (G-l), 
Dauntless  (C— 13),  and  Alps  shafts,  which  have  cut  through  the  overlying 
White  Porphyry  to  the  contact.  In  the  Little  Ellen  alone  has  any  con- 
siderable body  of  ore  been  discovered  at  the  contact.  Iron  vein  material 
of  considerable  thickness  has  been  found  on  the  contact  in  the  workings  of 
the  Alps  group  of  mines,  but  as  far  as  known  little  rich  ore  has  been  devel- 
oped. The  White  Porphyry  is  here  very  thin,  and  at  the  head  of  Alps  gulch 
disappears  entirely,  coming  in  again  on  the  south  side  of  the  ridge.  From 
this  saddle  the  outcrop  of  the  Blue  Limestone  sweeps  round  to  the  eastward 
to  the  Black  Hawk  shaft.  This  shaft  passed  through  80  feet  of  White  Por- 
phyry and  a  little  black  shale  before  reaching  the  Blue  Limestone.  Beyond 
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this  the  Blue  Limestone  is  cut  off  by  the  Mosquito  fault  at  the  sharp  spur  run- 
ning out  southwest  from  East  Ball  Mountain  toward  Dyer  gulch.  Actual 
outcrops  of  Blue  Limestone  and  Parting  Quartzite,  dipping  steeply  to  the 
east,  are  found  on  the  saddle  east  of  Ball  Mountain.  The  summit  of  Ball 
Mountain,  from  the  saddle  westward  to  the  fault,  is  formed  of  White  Por- 
phyry, of  which  a  thick  body  here  separates  the  Parting  Quartzite  from  the 
White  Limestone. 

The  structure  of  the  area  between  the  crest  of  Ball  Mountain  and  the 
south  slope  of  Ellen  Hill  below  the  outcrop  of  Blue  Limestone  is  some- 
what obscure;  but  the  explanation  presented  on  the  map,  viz,  that  of  a 
quaquaversal  or  anticlinal  fold  in  part  cut  off  by  the  Ball  Mountain  fault, 
is  one  which  best  fits  the  following  observed  facts. 

On  the  north  slope  of  Ball  Mountain,  immediately  under  its  crest,  can  be 
traced  outcrops  of  White  Limestone  and  of  a  portion  of  the  Lower  Quartz- 
ite beneath  it,  The  prominent  ridge  which  extends  out  on  the  steep  slope 
towards  the  valley  of  South  Evans  consists  entirely  of  fragments  of  quartzite 
derived  from  the  above-mentioned  outcrop.  .Shaft  F-6,  however,  which 
has  penetrated  this  covering  of  debris,  shows  that  the  underlying  rock  is 
White  Porphyry.  The  John  Mitchell  shaft,  west  of  this,  has  gone  through 
another  body  of  Lower  Quartzite  and  a  second  underlying  White  Porphyry 
to  granite.  North  of  the  John  Mitchell,  at  the  base  of  the  hill,  is  a  small 
outcrop  of  granite,  with  a  little  white  quartzite  resting  on  it.  Still  north  of 
this  are  the  Ocean  and  Seneca  shafts,  the  former  in  Lower  Quartzite,  the 
latter  in  White  Limestone,  dipping  to  the  northward.  It  seems,  therefore, 
that  the  White  Porphyry  is  here  splitting  the  Lower  Quartzite  into  several 
distinct  bodies,  and  it  may  naturally  be  inferred  that  somewhere  in  this  re- 
gion it  has  been  intruded  into  the  Lower  Quartzite  from  the  underlying 
Archean. 

The  Nevada  tunnel  discloses  a  body  of  White  Limestone,  resting  on 
quartzite,  east  of  the  fault,  which  dips  at  45°  to  the  north.  This  dip  is  some- 
what abnormal  to  the  quaquaversal  structure  deduced  from  observations  in 
other  shafts  of  this  region,  but  its  proximity  to  the  fault  may  account  for 
the  irregularity. 
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South  slope  of  Ball  Mountain. —  On  the  south  slope  of  the  Ball  Mountain  Ridge, 
towards  Iowa  gulch,  the  White  Limestone  is  also  split  into  three  distinct 
sheets  by  intrusive  masses  of  White  Porphyry.  They  might  perhaps  be 
considered  to  be  simply  caught  up  and  included  in  the  porphyry  body. 
One  or  more  of  these  sheets  can  be  traced  on  the  upper  slope  of  Long 
and  Deny  Ridge,  in  the  angle  between  Ball  Mountain  and  Mosquito  faults. 
South  of  the  crest  of  Ball  Mountain  the  Emma  tunnel  (C-10)  is  run  on 
the  contact  of  White  Porphyry  and  White  Limestone,  following  some  iron- 
stained  vein  material.  West  of  this  and  adjoining  the  fault,  the  Lower 
Quartzite  outcrops  under  the  White  Limestone,  dipping  at  an  angle  of  50° 
to  the  east.  Another  portion  of  the  Lower  Quartzite  is  found  adjoining  the 
fault  on  the  shoulder  south  of  Ball  Mountain,  and  in  the  bed  of  Iowa  gulch 
erosion  has  exposed  the  full  thickness  of  the  Lower  Quartzite,  with  a  -small 
area  of  Archean  rocks  next  to  the  fault  on  the  east,  the  quartzite  dipping 
east  at  an  angle  of  18°. 

The  distribution  of  the  White  Porphyry  bodies  in  this  area  is  rather 
exceptional,  as  they  are  principally  developed  in  the  lower  horizons,  form- 
ing several  sheets  within  the  Lower  Quartzite  and  White  Limestone,  while 
the  bed  above  the  Blue  Limestone  is  comparatively  thin,  and  at  one  point 
entirely  wanting.  It  might  be  inferred  from  this  that  near  here  is  one  or 
more  of  its  vents  or  points  where  it  has  been  intruded  through  the  Archean 
into  the  overlying  Paleozoic  beds. 

AREA  BETWEEN  BALL  MOUNTAIN  AND  WESTON  FAULTS. 

This  area  presents  a  still  more  complicated  structure  than  the  one  just 
described,  owing,  first,  to  the  existence  of  a  well-defined  anticlinal  or  qua- 
quaversal  fold,  the  South  Evans  anticline ;  second,  to  the  disturbance  pro- 
duced by  the  Iowa  gulch  and  Colorado  Prince  cross-faults,  which  run  trans- 
versely across  the  area ;  third,  to  the  peculiar  movement  of  displacement  of 
the  Weston  fault,  which  has  the  normal  upthrow  to  the  east  at  its  northern 
and  southern  extremities,  but  in  the  intermediate  region  has  partly  a  reversed 
throw  or  to  the  westward,  and  in  one  portion  no  displacement  at  all ;  and, 
fourth,  to  the  branching  of  the  Weston  fault  at  its  southern  end,  by  which 
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part  of  its  movement  of  displacement  is  distributed  to  the  Union  fault.  The 
prevailing  dip  of  the  formations  is  to  the  east,  except  in  the  vicinity  of  the 
South  Evans  anticline. 

Weston  fault. — This  fault  is  approximately  parallel  with  Ball  Mountain 
fault,  and  follows  the  same  general  direction  that  it  had  in  the  area  already 
described  outside  the  limits  of  the  Leadville  map.  From  its  intersection 
with  Mosquito  fault  in  Empire  gulch,  it  crosses  the  Long  and  Derry  Ridge, 
near  the  foot  of  the  steeper  slope  of  the  Upper  Long  and  Deny  Hill,  and 
descends  into  Iowa  gulch  just  east  of  the  Ella  Beeler  tunnel  (E-7),  where 
it  is  joined  by  the  Union  fault;  it  runs  thence  diagonally  up  the  southwest 
slope  of  Green  Mountain,  a  little  east  of  the  North  Star  (E-23)  and  Alta 
(E-22),  and  crosses  the  head  of  California  gulch  between  the  Tiger  shaft 
(E-24)  and  the  Ella  tunnel  (F-39).  From  here  up  the  slope  of  Breece  Hill 
its  position  cannot  be  exactly  defined,  owing  to  the  fact  that  Pyritiferous 
Porphyry  forms  the  reck  surface  on  either  side.  In  the  ground  of  the 
Highland  Chief  No.  2,  however,  it  passes  between  two  shafts  of  that  claim 
(F-40  and  F-41),  the  former  of  which  is  in  the  Weber  Grits  and  the 
latter  in  Pyritiferous  Porphyry,  and  just  east  of  its  main  shaft  (F— 59) ;  it 
then  follows  the  crest  of  the  ridge  to  its  north  point  and  down  its  steep  north 
slope  between  the  Chemung  tunnel  on  the  east  and  the  Fenian  Queen  on  the 
west,  along  the  line  of  the  west  fork  of  Lincoln  gulch  to  Big  Evans  gulch, 
which  it  crosses  just  above  the  month  of  Lincoln  gulch.  On  the  south 
slope  of  Prospect  Mountain  its  movement  of  displacement  becomes  \ery 
slight,  and  is  proved  only  by  the  discrepancy  in  the  position  of  the  divid- 
ing line  between  Weber  Shales  and  Gray  Porphyry,  as  shown  in  the  Still- 
well  (K-ll),  La  Harpe  (K-12),  and  other  shafts  in  Little  Evans  gulch 
on  the  one  side  and  in  the  Mary  Able  (K-35)  on  the  other. 

The  movement  of  displacement  of  this  fault  is  quite  remarkable,  being 
an  upthrow  to  the  west  of  about  six  hundred  feet  in  Iowa  gulch  and  about 
the  same  amount  of  displacement  reversed,  the  upthrow  being  on  the  east 
side,  near  the  mouth  of  Lincoln  gulch,  opposite  the  South  Evans  anticline. 
This  movement  becomes  null  between  these  two  points  somewhere  in  the 
neighborhood  of  the  Yates  shaft  (F-6(i)  on  Breece  Hill. 
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Iowa  fault. — The  Iowa  cross-fault  runs  east  and  west  along  the  foot  of 
the  cliff,  on  the  north  face  of  Upper  Long  and  Deny  Hill,  and  connects  Wes- 
ton  and  Ball  Mountain  faults.  The  shafts  and  tunnels  between  it  and  the 
bed  of  the  gulch  are  either  in  Weber  Grits  or  Pyritiferous  Porphyry,  while 
Archean  granite  forms  the  cliff  above  it  on  the  south.  The  estimated  dis- 
placement of  this  fault  is  an  upthrow  of  2,700  feet  to  the  south.  It  might 
perhaps  be  better  considered  a  downthrow  to  the  north,  since  that  portion 
of  the  area  which  immediately  adjoins  it  on  that  side  is  in  the  abnormal  po- 
sition of  being  relatively  lower  than  the  corresponding  block  of  ground  on 
the  west  of  Weston  fault. 

The  uplifted  block  of  ground  inclosed  by  Iowa  and  Weston  faults 
consists  of  Archean  rocks,  principally  coarse  red  granite,  with  a  narrow 
strip  of  Lower  Quartzite  resting  on  them  along  the  crest  of  upper  Long 
and  Deny  Hill.  This  quartzite  is  apparently  the  crest  of  a  shallow  north 
and  south  anticlinal  fold,  now  almost  entirely  eroded  away.  The  curve 
of  the  strata  can  be  readily  seen  on  the  cliff  from  Iowa  gulch;  at  the 
western  end,  toward  the  fault,  the  dip  steepens  to  30°.  At  the  eastern  end, 
on  either  side  of  the  ridge,  is  an  outcrop  of  a  much  decomposed,  coarse- 
grained quartz-porphyry,  which'  apparently  forms  a  sheet  between  the 
quartzite  and  underlying  granite. 

Southwest  slope  of  Bali  Mountain.  —  From  Iowa  fault  north  ward,  across  Iowa 
gulch  and  up  the  southwest  slope  of  Ball  Mountain,  the  surface  is  mainly 
covered  by  Pyritiferous  Porphyry,  with  occasional  outcrops  of  the  sand- 
stones and  shales  of  the  Weber  Grits.  The  sedimentary  beds  all  have  a. 
gentle  dip  to  the  northeastward  and  are  separated  by  intervening  porphyry 
sheets  into  three  distinct  series,  the  lowest  of  which  is  classed  as  Weber 
Shales,  although  black  shales  are  found  to  a  greater  or  less  extent  through 
all  the  beds. 

This  lowest  series,  which  crosses  Iowa  gulch  opposite  the  Ella  Beeler 
tunnel  and  extends  part  way  up  the  slope  of  Green  Mountain,  comes  in 
juxtaposition  with  the  White  Porphyry  beyond  the  fault  to  the  west,  and 
is  overlaid  by  a  thin  body  of  Pyritiferous  Porphyry,  which  is  cut  in  a 
tunnel  (E-21)  on  the  slope  of  Green  Mountain. 
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The  base  of  the  Weber  Grits,  consisting  of  quartzite,  conglomerate, 
and  shale,  is  shown  on  the  south  side  of  Iowa  gulch  in  the  Little  Hercules 
tunnel  (E-6),  and  on  the  north  side  in  the  Black  Cloud  shaft,  which  cuts 
through  it  into  the  underlying  porphyry.  On  Green  Mountain  the  Hoo- 
sier  (E-19)  and  adjoining  (E-20)  shaft  are  sunk  in  it,  and  the  Equator 
(E-17)  tunnel  runs  on  the  contact  breccia  material  between  it  and  a  sec- 
ond sheet  of  Pyritiferous  Porphyry  above.  The  outcrops  of  this  body, 
consisting  of  iron-stained  decomposed  porphyry,  can  be  easily  traced  along 
the  slope  of  Iowa  gulch,  but  the  underlying  Weber  Grits  are  obscured  by 
debris.  South  of  the  gulch  it  is  shown  in  the  Mount  Carbon  tunnel  and  on 
Green  Mountain  in  the  Tiger  shaft  and  in  the  Ontario  and  Bloomington 
(E-9)  tunnels.  The  former  passes  at  200  feet  from  its  mouth  into  mica- 
ceous sandstones  and  shales  of  the  second  sheet  of  Weber  Grits,  while  the 
shaft  (E-18)  shows  breccia  material  between  the  sandstones  and  the  under- 
lying porphyry. 

The  outcrops  of  the  second  body  of  Weber  Grits  sweep  round  the 
upper  part  of  Green  Mountain,  where  the  Green  Mountain  and  Lawrence 
(E-10)1  shafts  have  reached  it  after  crossing  the  lower  part  of  the  upper 
body  of  Pyritiferous  Porphyry;  it  widens  out  in  the  vicinity  of  the  Little 
Frank  (D-2)  shaft  and  the  Alleghany  and  Pine  Forest  tunnels,  and  again 
thins  to  thirty  or  forty  feet  as  it  crosses  Iowa  gulch  to  the  Iowa  fault  below 
shaft  D-4.  Above  this  body  of  Weber  Grits  the  main  sheet  of  Pyritifer- 
ous Porphyry  extends  up  to  the  crest  of  Ball  Mountain  and  east  to  the 
fault,  broken  only  by  isolated  outcrops  of  Weber  Grits,  apparently  repre- 
senting fragments  of  this  formation  caught  up  in  the  mass  of  the  porphyry 
at  the  time  of  its  intrusion.  Such  a  fragment,  consisting  mainly  of  black 
shales,  is  cut  in  the  Silver  Queen  tunnel  on  the  hill  slope  above  the  Pine 
Forest. 

The  weathered  surface  of  the  Pyritiferous  Porphyry  in  general  shows 
no  pyrites,  but  only  the  cavities  from  which  its  crystals  have  been  dis- 
solved out.  The  old  Mariner  tunnel,  above  the  Silver  Queen,  has  been  run 
125  feet  from  the  surface  in  porphyry  thus  decomposed,  and  at  the  mouth 
of  the  former  is  a  deposit  of  needles  of  spruce,  cemented  together  and  partly 

'Wrongly  named  Leaven  worth  on  the  index  sheet  of  the  Atlas. 
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replaced  by  limonite  resulting  from  the  leaching  out  of  the  pyrites.  The 
Weber  sandstones  at  the  contact  with  the  porphyry  are  often  brecciated 
and  so  impregnated  with  pyrites  as  to  be  scarcely  distinguishable  from  the 
porphyry.  To  understand  the  distribution  of  the  various  bodies  of  this 
porphyry  and  their  supposed  continuation  below  the  limits  of  exploration 
it  will  be  necessary  to  refer  to  Section  G,  Atlas  Sheet  XX.  According  to 
this  it  will  be  seen  that  there  are  three  distinct  sheets  of  porphyry  above 
the  Weber  Shales,  while  a  fourth  occurs  beyond  Weston  fault,  between  the 
Weber  Shales  ?nd  White  Porphyry,  which  connects  with  a  fifth  body 
found  in  California  gulch,  where  it  crosses  the  White  Limestone  and  White 
Porphyry  along  the  cross-cutting  zone  already  mentioned.  It  is  supposed, 
as  shown  in  the  section,  that  it  is  in  this  vicinity  that  the  porphyry  came 
up  through  the  Archean. 

Northwest  slope  of  Bail  Mountain. — The  bodies  of  Pyritiferous  Porphyry  thin 
out  towards  the  north,  and  on  the  upper  part  of  Breece  Hill,  or  the  north- 
west slope  of  Ball  Mountain,  all  except  the  upper  one  disappear  before 
reaching  the  Colorado  Prince  and  Ball  Mountain  faults.  No  trace  of  Pyri- 
tiferous Porphyry  has  yet  been  found  east  of  the  latter  fault.  To  the  north 
the  lower  sheet  is  stratigraphically  replaced  by  the  main  sheet  of  Gray 
Porphyry,  since  farther  west  they  are  each  underlaid  by  the  main  body 
of  White  Porphyry.  In  the  few  cases  where  underground  explorations  have 
disclosed  the  relations  of  the  Pyritiferous  and  Gray  Porphyries  the  former 
is  found  to  overap  the  latter. 

In  this  region  the  beds  whcih  have  been  assigned  to  the  Weber  Shales 
horizon  are  found  to  have  a  much  larger  proportion  of  sandstone  than  the 
corresponding  beds  on  Little  Ellen  Hill,  but  in  either  case  the  data  are 
somewhat  meager,  as  no  shafts  are  so  situated  as  to  afford  a  complete  or 
continuous  section.  The  Antelope  shaft  found  100  feet  of  white  quartzite 
immediately  above  the  Gray  Porphyry.  The  Quandary  shaft  found  mi- 
caceous sandstone ;  the  Garbutt,  sandstone  and  shale ;  and  the  shafts  of 
the  Ontario  (F-50  and  F-51),  a  coarse  sandstone.  The  Capitol  (F-57) 
and  the  Highland  Queen  (F-56)  shafts  passed  in  depth  into  a  body  of 
quartz-porphyry  of  different  character  from  the  Pyritiferous  Porphyry. 
It  were  too  long  to  enumerate  all  the  other  shafts  on  this  slope,  the  infor- 
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mation  obtained  from  which  is  sufficiently  indicated  on  the  map  and 
sections.  The  Gray  Porphyry  sheet  under  the  Pyritiferous  also  thins  out 
to  the  eastward  and  cannot  be  traced  beyond  the  Colorado  Prince  fault. 

Colorado  Prince  fault. — The  movement  of  displacement  of  the  Colorado 
Prince  fault  is  an  upthrow  to  the  southwest,  which  is  about  two  hundred 
feet  in  the  middle  and  reaches  a  maximum  at  its  junction  with  the  Ball 
Mountain  fault  and  a  minimum  at  that  with  the  Weston  fault.  By  this 
movement  the  southern  portion  of  the  South  Evans  anticline  has  been  cut 
off  and  leaves,  along  the  cliff  at  whose  foot  the  fault  runs,  a  succession  of 
beds  dipping  generally  to  the  southward;  to  the  faulting  and  consequent 
exposure  of  the  edges  of  these  beds  the  steepness  of  the  cliff  is  doubtless  due. 

The  White  Porphyry  sheet  immediately  over  the  Blue  Limestone  is 
here  very  thin  and  in  places  entirely  wanting.  The  Chemung  tunnel  <it 
the  western  edge  of  this  area,  near  the  Weston  fault,  runs  in  a  southeast 
direction  on  the  contact  between  the  Gray  and  White  Porphyries,  and, 
cutting  across  the  latter,  passes  into  the  Blue  Limestone.  The  Highland 
Chief  and  adjoining  shafts,  a  little  east,  of  this,  pass  through  the  Gray  Por- 
phyry directly  into  silicious  vein  material,  which  is  the  replacement  here 
of  the  Blue  Limestone.  North  of  this  the  Eliza  No.  2  (K-3)  strikes  Blue 
Limestone,  the  Little  Alice  (K-2)  Parting  Quartzite,  and  the  Eliza  No.  1 
(G— 58)  White  Porphyry  after  passing  about  twenty  feet  of  Wash,  the  last 
reaching  White  Limestone  at  a  depth  of  180  feet.  (Shaft  No.  2  (G-51)  of  the 
Miner  Boy  finds  a  small  body  of  black  shales  directly  above  the  limestone, 
between  it  and  the  overlying  Gray  Porphyry.  The  Uncle  Sam  shafts  (F— 32 
and  F-33),  at  the  east  end  of  Idaho  park,  find  vein  material  between  Gray 
Porphyry  and  Blue  Limestone.  The  Rattling  Jack  and  Little  Johnny,  still 
farther  east,  find  a  sheet  of  White  Porphyry  between  the  Gray  Porphyry 
and  Blue  Limestone,  with  vein  material  at  its  contact  with  the  latter.  The 
body  of  White  Porphyry  cut  in  the  Little  Alice  and  Eliza  No.  1  shafts  is 
evidently  of  limited  extent,  as  it  has  not  been  seen  in  any  other  workings. 

The  White  Limestone  and  Lower  Quartzite  are  cut  by  the  various 
shafts  and  tunnels  of  the  Black  Prince,  Miner  Boy,  and  Colorado  Prince 
claims,  the  tunnel  of  the  last  running  south  through  a  body  of  White 
Porphyry  between  the  granite  and  Lower  Quartzite  and  in  close  proximity 
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to  the  Colorado  Prince  fault.     A  more  detailed  description  of  the  structure 
in  the  immediate  vicinity  of  these  mines  will  be  found  in  Part  II,  Chapter  V. 

In  the  east  fork  of  Lincoln  gulch,  according  to  Mr.  Jacob,  the  Boulder 
incline  is  sunk  on  the  line  of  the  Colorado  fault  at  an  angle  of  45°  to  the 
north,  with  granite  in  the  roof  and  White  Porphyry  in  the  foot-wall;  while 
the  Cumberland  shaft,  a  short  distance  east,  is  sunk  150  feet  in  White  Por- 
phyry. The  evidence  of  the  former  would  prove,  therefore,  that  the  Colo- 
rado Prince  fault  at  this  point  is  a  reversed  fault,  viz,  that  the  upthrow  is 
on  the  hanging-wall  side,  instead  of,  as  is  usually  the  case,  on  the  foot- wall; 
and  the  fact  that  the  latter  was  sunk  to  so  great  a  depth  in  White  Por- 
phyry without  reaching  granite  Avould  be  explained  by  the  nearly  vertical 
position  of  the  sheet.  This  explanation,  which  considers  the  White  Por- 
phyry as  an  interbedded  sheet,  is  supported  by  the  apparent  continuity  of 
White  Porphyry  north  of  the  Colorado  Prince  fault,  around  the  outcrop  of 
Archean.  It  seems  possible,  however,  that  these  shafts  may  be  sunk  in  the 
actual  channel  through  which  the  porphyry  came  up  across  the  Archean. 
The  Fitchburg  incline,  on  the  south  side  of  Lincoln  gulch,  opposite  the 
Boulder,  was  run  down  on  the  contact  of  Lower  Quartzite  and  White 
Limestone,  which  here  dip  20°  to  the  southwest. 

South  Evans  anticline.  —  The  granite  body  which  forms  the  crest  of  South 
Evans  anticline,  extending  from  the  north  fork  of  Lincoln  gulch  to  the 
mouth  of  South  Evans,  is  shown  wherever  prospecting  has  stripped  the 
rock  of  the  overlying  soil;  also,  by  the  Caledonia  (G-59)  and  Slim  Jim 
(G-46)  shafts  and  by  the  Silver  Tooth  bore-hole  (G-45)  This  bore-hole 
was  sunk  314  feet,  cutting  in  its  passage  downwards  49  feet  of  White  Por- 
phyry, probably  a  small  dike  within  the  granite.  The  granite  in  the  Cale- 
donia is  red  and  coarse  grained ;  that  from  the  bore-hole,  compact  and  fine 
grained.  The  White  Cloud  shaft  (K-15)  on  the. west  side  of  the  fold  in 
Lincoln  gulch  was  sunk  in  the  Lower  Quartzite,  which  also  outcrops  near 
the  road,  showing  a  western  dip.  A  shaft  (K-14)  on  the  north  side  of 
Evans  gulch  has  found  quartz-porphyry  directly  under  the  Wash.  The 
Hoosier  Girl  (G-44),  on  the  east,  is  in  Lower  Quartzite,  which  must  be 
a  portion  separated  from  the  main  body  by  the  lower  sheet  of  White  Por- 
phyry. This  lower  sheet  of  White  Porphyry  forms  the  western  point  of 
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Little  Ellen  Hill,  between  South  Evans  and  Evans  gulches;  it  is  coarser 
grained  than  the  normal  rock  and  contains  numerous  quartz  crystals.  The 
successively  higher  horizons  of  Lower  Quartzite,  White  Limestone,  Blue 
Limestone,  White  Porphyry,  and  Weber  Shales  are  crossed  as  one  ascends 
the  hill  to  the  eastward,  their  existence  being  proved  by  the  numerous 
shafts  which  dot  this  point  of  the  hill.  A  small  body  of  quartz-porphyry 
is  found  on  the  slope  of  the  hill  toward  South  Evans  gulch,  between  the 
Parting  Quartzite  and  White  Limestone,  which  may  correspond  to  that 
found  on  the  other  side  of  the  anticline  in  K-14.  The  contact  of  the  Blue 
Limestone  with  White  Porphyry  has  been  proved  in  the  Virginius,  Tender- 
foot, and  Cleveland  shafts,  where  it  is  more  or  less  replaced  by  vein  mate- 
rial, and  in  the  first  is  said  to  have  contained  large  bodies  of  low  grade  and 
some  rich  ore.  Southward  across  South  Evans  gulch  this  contact  is  practi- 
cally unprospected. 

The  north  slope  of  the  anticline  is  proved  on  the  north  side  of  Evans 
gulch,  in  the  United  States  Mint  shaft  (G-38),  which  is  sunk  in  the  shaly 
beds  at  the  top  of  the  Lower  Quartzite.  The  northern  rim  of  the  anticline 
is  buried  below  400  feet  of  gravel  of  the  Evans  moraine,  and  it  is  only  on 
the  steeper  slopes  of  Prospect  Mountain,  adjoining  Little  Evans  gulch,  that 
rock  in  place  is  found.  Here  the  workings  of  La  Harpe,  Stillwell,  Little 
Louise,  Golden  Eagle,  and  other  claims  have  proved  the  contact  of  the  main 
Gray  Porphyry  sheet  and  the  overlying  Weber  Shales.  The  main  Gray 
Porphyry  sheet  is  not  found  east  of  the  South  Evans  anticline,  and  there 
fore  must  thin  out  rapidly  beyond  these  claims.  The  body  of  Mount  Zion 
Porphyry,  which  crosses  Evans  gulch  above  the  Ball  Mountain  fault,  as 
already  described  (if,  as  supposed,  an  interbedded  sheet),  comes  between  the 
Weber  Shales  and  the  Weber  Grits,  commencing  opposite  where  the  Gray 
Porphyry  sheet  dies  out. 

AREA    BETWEEN    WESTON    AND    MIKE    VAULTS. 

M'ke  fault. — The  Mike  fault  runs  more  nearly  parallel  with  the  Weston 
fault  than  the  Ball  Mountain  fault.  On  the  south  it  extends  a  short  distance 
beyond  the  limits  of  the  map,  as  shown  in  discrepancy  of  outcrops  on  the 
south  slope  of  Long  and  Derry  TTill,  but  it  cannot  be  traced  beyond  the 
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alluvial  deposits  of  Empire  gulch,  and  apparently  passes  into  an  anticlinal 
fold  on  the  west  slope  of  Empire  Hill.1  On  Long  and  Deny  Ridge  it  is 
defined  at  the  Kenosha  tunnel,  where  a  body  of  greenish  quartz-porphyry 
on  the  east  comes  into  juxtaposition  with  White  Porphyry  on  the  west; 
the  former  body  belongs  below  the  horizon  of  the  White  Limestone,  the 
latter  above  that  of  the  Blue.  It  descends  into  Iowa  gulch  near  the  point 
where  the  Long  and  Deny  grade  reaches  the  crest  of  the  hill,  crossing  the 
gulch  just  west  of  the  Now-or-Never  (M-49)  shaft;  passes  the  western 
foot  of  the  Printer  Boy  Hill  to  California  gulch  between  its  junctions  with 
Eureka  and  White's  gulches,  and  along  the  western  slope  of  Breece  Hill, 
through  the  workings  of  the  Mike  and  Star  mine,  from  which  it  receives  its. 
name. 

In  the  latter  region  the  surface  indications  do  not  prove  its  existence,, 
since  White  Porphyry  is  found  on  both  sides;  but  its  movement  is  proved 
by  the  relative  depths  of  the  Blue  Limestone  horizon  under  the  White  Por- 
phyry in  the  two  shafts  of  the  Park  mine  (0-1  and  O-4).  Its  movement 
cannot  be  traced  north  of  Adelaide  park,  and  it  is  supposed  to  end  at  its. 
junction  with  the  Breece  Iron  fault. 

Its  movement  of  displacement  at  the  south  end  is  an  upthrow  to  the 
east,  which  is  about  one  thousand  feet  on  Long  and  Deny  Ridge  and 
decreases  to  the  northward.  North  of  its  junction  with  Pilot  fault,  in  Iowa 
gulch,  as  above  stated,  the  only  data  are  derived  from  the  Park  mine,  fromi 
which  it  is  inferred  that  the  movement  is  reversed  and  is  an  upthrow  on  the; 
west,  gradually  increasing  from  that  point  to  a  maximum  of  about  three 
hundred  feet. 

Pilot  fault. —  Pilot  fault  might  in  one  sense  be  considered  the  normal  con- 
tinuation of  the  main  Mike  fault,  from  the  fact  that  its  upthrow  is  the  same 
and  that  the  amount  of  its  displacement  decreases  continuously  to  the  north 
until  its  movement  is  entirely  lost  in  the  body  of  Pyritiferous  Porphyry  on 
Breece  Hill.  Its  direction  diverges  at  first  very  sensibly  from  that  of  the 
Mike  fault,  being  a  northeasterly  direction  across  the  western  slope  of 

1  On  the  Mosquito  map  (Atlas  Sheet  VII),  by  an  error  of  the  engraver,  which  had  been  over- 
looked, it  has  been  continued  eonth  of  Empire  gulch  to  a  junction  with  Union  fault  on  a  line  which  is 
simply  the  boundary  between  White  Limestone  (c)  and  Lower  Quartzito  (6). 
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Printer  Boy  Hill  and  bending  to  the  north  beyond  the  Pilot  tunnel,  from 
which  it  receives  its  name.  It  crosses  California  gulch  a  little  above  the 
Lower  Printer  Boy  mine,  and  White's  Hill  just  east  of  the  shaft  L-34. 
Beyond  that  point  its  position  can  no  longer  be  defined,  but  it  seems  prob 
able  that  it  passes  through  a  slight  anticlinal  fold  under  the  Breece  Hill 
body  of  Pyritiferous  Porphyry,  the  continuation  of  a  fold  farther  north 
which  is  proved  by  the  explorations  of  the  shafts  in  the  neighborhood  of  the 
Great  Hope  mine,  above  Evansville. 

union  fault. — The  Union  fault,  which  is  principally  developed  south  of 
the  limits  of  the  map,  lias  a  direction  nearly  parallel  with  the  Mosquito 
fault.  As  described  in  the  preceding  chapter,  it  crosses  the  western  slope  of 
Empire  Hill  and  disappears  to  the  southward  in  the  granite  area  adjoining 
lower  Weston  gulch.  Its  displacement  is  an  upthrow  to  the  east,  which 
from  a  null  point  at  its  south  end  increases  towards  the  north,  reaching  a 
maximum  of  about  one  thousand  feet  at  its  junction  with  the  Weston  fault, 
in  Iowa  gulch  below  the  Ella  Beeler  tunnel,  where  the  Archean  comes  in 
contact  with  the  upper  portion  of  the  White  Porphyry  above  the  Blue  Lime- 
stone. 

In  the  bed  of  Empire  gulch  Archean  is  exposed  east  of  this  fault,  and 
the  overlying  Cambrian  and  Silurian  beds  can  be  traced,  sweeping  up  the 
slopes  on  either  side  of  the  gulch,  where  not  covered  by  the  Empire 
moraines.  A  few  shafts  and  tunnels  have  penetrated  the  moraine  material 
to  the  underlying  quartzite  and  silicious  limestone.  Such  is  the  Little 
Annie  tunnel,  just  east  of  the  fault,  on  the  south  slope  of  Long  and  Deny 
Hill,  which  ran  through  moraine  material  into  White  Porphyry,  and  at 
whose  end  a  winze  was  sunk  into  the  underlying  limestone.  Farther  east 
the  Coffee,  Louis  Tell,  California  Rose,  and  Caledonian  tunnels  are  run 
upon  the  contact  of  White  Porphyry  and  Silurian  limestone,  which  beyond 
them  abut  against  the  granite  on  the  other  side  of  Weston  fault. 

Long  and  Derry  Ridge. — The  structure  of  this  ridge  is  best  explained  by 
Section  I,  Atlas  Sheet  XX.  The  actual  line  of  the  Union  fault  on  the  crest 
of  the  ridge  is  undefinable,  since  White  Porphyry  is  found  on  either  side. 
Two  small  outcrops  are  found  near  the  crest  of  the  hill,  adjoining  the  Weston 
fault,  which  represent  portions  of  the  Blue  Limestone  above  the  lower  beds 
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of  White  Porphyry  that  have  escaped  erosion.  Of  these  the  more  north- 
erly one  is  entirely  replaced  by  iron-stained  chert,  which  forms  a  rocky 
outcrop  near  the  crest  of  the  ridge 

On  the  north  slope  of  the  ridge,  in  the  sharp  angle  formed  by  the  two 
faults,  the  Ella  Beeler  tunnel  ran  in  on  granite  and  struck  a  coarse  quartzite 
dipping  southwest,  which  forms  the  base  of  the  Lower  Quartzite. 

From  Union  fault  down  to  the  Long  and  Derry  mines  the  ridge  is 
covered  by  the  upper  main  body  of  White  Porphyry,  in  which  are  included 
two  comparatively  thin  beds  of  sandstone  and  shale  belonging  to  the  Weber 
Shale  formation,  associated  with  which  are  two  small  bodies  of  later  quartz- 
porphyry.  The  dip  of  these  beds  is  at  a  low  angle  to  the  eastward,  the 
upper  being  shown  by  actual  outcrops;  the  lower,  which  consists  of  shales 
with  some  sandstone,  is  shown  in  the  Pride  of  the  West  (E-15),  Camp- 
bell (E -25  and  E-26),  Gildersleeve  (E-27),  and  Hoosier  shafts  on  the 
south  slope,  and  by  the  Herculaneum  (E-14)  tunnel  on  the  north  slope 
of  the  hill. 

The  Blue  Limestone  is  proved  on  the  south  slope  of  the  hill  by  the 
workings  of  the  Aerial  Queen  (E-34),  Homestake  (E-36),  and  other 
shafts,  which  have  reached  it  through  the  overlying  White  Porphyry,  and 
by  the  Himalaya  (E-35)  tunnel ;  and  on  the  north  slope  of  the  hill  by  the 
workings  of  the  Long  and  Derry  group  of  mines. 

On  the  steep  face  of  the  ridge  facing  Iowa  gulch,  above  Long  and  Deny 
grade,  is  found  one  of  the  few  distinct  outcrops  of  the  two  bodies  of  lime- 
stone, the  Blue  and  the  White.  Here  they  dip  regularly  to  the  eastward 
at  an  angle  of  10°  to  15°,  and  are  underlaid  by  a  body  of  Green  Por- 
phyry. The  Belcher1  tunnel  (M-5)  runs  in  on  an  ore  body  in  the  lower 
part  of  the  Blue  Limestone.  Above  this  and  a  little  to  the  eastward  is  a 
prominent  black  rock-mass  resembling  at  a  little  distance  the  outcrop  of  a 
body  of  iron  ore.  This  is  the  upper  portion  of  the  Blue  Limestone  body, 
which  is  here  largely  replaced  by  chert  and  oxides  of  iron  and  manganese. 
Immediately  above  this  and  directly  under  the  porphyry  is  a  body  of  con- 
glomerate, from  25  to  30  feet  thick,  which  is  assumed  to  be  a  portion  of  the 
Weber  Shales  cut  off  from  the  main  body  by  the  porphyry  sheet. 

1  Wrongly  given  lu  the  Index  of  Shafts,  etc.,  as  Beecher. 
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Long  and  Derry  mines. —  The  Long  and  Deny  workings  consist  of  a  number 
of  shafts  and  tunnels,  the  former  of  which — the  Dana  (M-3)  and  Por- 
phyry.(E-37) — reach  the  contact  through  the  overlying  White  Porphyry. 
Two  tunnels  on  the  Faint  Hope  claim  (M-2  and  M-4)  start  in  the  lime- 
stone, the  latter  reaching  the  contact  between  porphyry  and  limestone  at 
183  feet,  while  the  Long  and  Derry  tunnel  (E-32)  is  run  in  through  the 
porphyry  for  a  distance  of  400  feet.  Mineral  action  has  here  extended 
down  into  the  limestone  body,  and  ore  is  found  not  only  at  the  contact,  but 
in  irregular  chambers,  at  considerable  depths  below  it. 

Dikes.  —  Immediately  in  front  of  Faint  Hope  tunnel  (M-4)  is  an  out- 
crop of  Gray  Porphyry  almost  identical  lithologically  with  the  main  sheet 
of  Gray  Porphyry.  This  is  part  of  a  vertical  dike  fifty  to  sixty  feet  wide, 
which  can  be  traced  past  the  Belcher  Mine,  across  Iowa  gulch,  to  the  Minor 
tunnel  on  Printer  Boy  Hill.  There  are  three  of  these  vertical  dikes,  which 
can  be  most  distinctly  seen  on  the  steep  slopes  of  Printer  Boy  Hill,  where 
in  some  cases  they  stand  as  projecting  outcrops,  the  adjoining  rock  having 
been  eroded  away.  They  vary  from  thirty  to  fifty  feet  in  thickness,  and, 
as  well  as  could  be  traced  on  the  surface,  are  nearly  parallel  and  all  of  the 
same  character  of  rock. 

For  some  distance  from  the  Long  and  Derry  mines  westward  no  actual 
rock  outcrops  are  found  on  the  surface  of  the  ridge.  Along  its  southern 
slope  the  presence  of  the  White  Limestone  and  of  an  included  body  of 
coarse-grained  quartz-porphyry,  somewhat  resembling  the  Josephine  Por- 
phyry, was  detected  by  means  of  several  small  prospect  holes,  too  unim- 
portant to  have  been  indicated  on  the  map.  The  fine-grained  Green  Por- 
phyry is  much  decomposed  and  of  lighter  color  than  in  Iowa  gulch.  The 
secondary  ridge  or  shoulder  of  the  main  ridge,  at  the  very  edge  of  the  map, 
overlooking  Empire  gulch,  is  formed  by  the  Empire  north  moraine,  through 
which  few,  if  any,  prospectors  have  succeeded  in  reaching  the  underlying 
rock.  On  the  north  slope  of  the  ridge,  as  already  mentioned,  the  White 
Limestone  forms  continuous  outcrops,  crossing  which  can  be  detected  the 
vertical  dikes  which  cut  the  strata  at  right  angles. 

Iowa  guich. —  In  the  bed  of  Iowa  gulch,  as  shown  in  outcrops  along  the 
creek  at  the  foot  of  the  Long  and  Derry  grade,  and  in  the  Minnehaha  (M- 1 5 
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and  M-16)  and  other  shafts,  is  a  considerable  body  of  compact  Green 
Porphyry,  apparently  part  of  an  interbedded  sheet  underlying  the  White 
Limestone.  This  extends  some  distance  above  the  bridge,  but  opposite  the 
Belcher  tunnel  the  outcrops  of  gray  limestone  belonging  to  the  Silurian 
formation  are  found  resting  on  it,  dipping  12°  to  the  northeast.  In  this 
limestone  can  be  seen  the  outcrop  of  a  body  of  coarse-grained  quartz-por- 
phyry similar  to  the  rock  of  the  dikes.  For  several  feet  from  its  contact 
the  limestone  seems  to  be  hardened  and  silicified,  with  small  veins  of  por- 
phyry running  into  it.  It  is  probably  either  an  offshoot  from  one  of  the 
dikes  already  mentioned  or  a  separate  dike. 

From  the  steep  cliff  of  White  Porphyry  above  the  Long  and  Deny 
tunnel  an  immense  talus  cone  of  tabular  and  sherdy  fragments  of  White 
Porphyry  spreads  out  into  the  valley,  so  as  almost  to  block  it  up  and  to 
completely  cover  the  outcrops  of  the  Blue  Limestone.  At  first  glance  it 
would  seem  that  this  immense  accumulation  of  de"bris  must  be  due  to  some 
unusual  cause.  As  none  such  could  be  found,  the  great  height  and  steep 
slope  of  the  ridge  which  is  occupied  by  the  body  of  White  Porphyry  and 
the  peculiar  weathering  of  this  particular  rock,  which,  under  the  influence 
of  atmospheric  agents,  disintegrates  very  rapidly  into  tabular  sherdy  frag- 
ments, must  be  considered  an  adequate  explanation.  These  fragments, 
which  are  very  light  in  proportion  to  their  superficial  area,  slip  down  rap- 
idly under  the  influence  of  rain,  snow,  and  frost,  and  soon  accumulate  in 
very  considerable  talus  cones  at  the  foot  of  any  steep  slope  whose  surface  is 
largely  composed  of  White  Porphyry.  Owing  to  the  depth  to  which  the 
rock  surface  is  buried  under  this  debris,  the  contact  has  not  been  prospected 
between  the  Long  and  Deny  mines  and  the  First  National. 

Printer  Boy  Km. — On  the  north  side  of  Iowa  gulch,  along  the  south  slope 
of  Printer  Boy  Hill,  the  contact  of  the  Blue  Limestone  and  White  Porphyry 
is  well  marked  by  a  series  of  tunnels  and  shafts.  The  First  National  shaft 
finds  ore  at  the  contact  after  sinking  through  75  feet  of  White  Porphyry. 
The  Seek-no -further  (E-38),  Mammoth  (E-39),  and  some  other  shafts 
have  also  reached  the  contact  through  the  porphyry.  The  Minor  tunnel 
and  the  upper  tunnel  of  the  Florence  are  at  the  highest  part  of  the  con- 
tact, while  the  J.  D.  Ward  shaft,  on  the  summit  of  the  hill,  sinks  300  feet 
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through  porphyry  to  reach  it.  From  the  Florence  westward  the  contact 
slopes  down  again  towards  Iowa  gulch  through  the  Sangamon  (M-24)  tun- 
nel, Brian  Boru,  Wilson  (M-38),  Blacktail  (M-40),  G.  M.  Favorite  (M-44), 
and  other  claims  and  crosses  the  gulch. 

On  the  north  bank  of  the  creek  southeast  of  the  G.  M.  Favorite  are 
found  outcrops  of  Parting  Quartzite,  consisting  here  of  sandy  beds  with  some 
purplish  shale,  and  of  the  top  of  the  White  Limestone,  dipping  20°  to  the 
westward.  These  facts  and  the  outline  of  the  Blue  Limestone  on  the  north 
side  of  Printer  Boy  Hill  and  alongCalifornia  gulch  show  that  under  this  hill  is 
an  anticlinal  fold  whose  axis  runs  north  and  south  through  the  west  end  of  the 
hill,  and  which,  like  the  other  folds,  has  a  steeper  slope  to  the  west.  On  Long 
and  Derry  Ridge  its  western  half  has  been  cut  off  by  the  Mike  fault.  The 
White  Porphyry  above  the  Blue  Limestone,  on  the  western  side  of  this  fold, 
is  cut  in  the  Now-or-Never  (M-49)  and  other  shafts  in  Iowa  gulch;  and 
the  Nestor  (M-'28)  shaft,  on  the  crest  of  the  ridge,  has  reached  limestone 
after  passing  through  1 70  feet  of  White  Porphyry. 

On  the  north  side  of  Printer  Boy  Hill,  along  the  upper  portion  of  Cal- 
ifornia gulch,  the  presence  of  the  Blue  Limestone  is  proved  in  the  Lovejoy 
shaft  (M-29)  and  in  the  workings  of  the  Eclipse  mine  (M-7  and  M-9). 
The  Lovejoy  passes  through  the  limestone  into  an  underlying  bed  of 
quartz-porphyry,  which  is  also  found  in  the  Stars  and  Stripes  tunnel  and 
which  very  closely  resembles  the  Green  Porphyry  body  found  in  Iowa 
gulch  under  the  White  Limestone.  The  Eclipse  tunnel  (M-7)  runs  in 
170  feet  through  limestone  and  then  strikes  the  contact  of  the  overlying 
White  Porphyry,  which  it  follows.  The  porphyry  is  here  unconformable 
to  the  limestone,  cutting  across  its  stratification.  The  dip  of  this  limestone 
is  15°  to  the  south.  The  lower  tunnel  (M-9),  about  thirty  feet  below  this, 
is  run  on  the  contact  of  Blue  Limestone  and  Parting  Quartzite;  both  con- 
tacts show  vein  material.  The  small  thickness  of  limestone  included  be- 
tween Parting  Quartzite  and  overlying  White  Porphyry  is  an  additional 
evidence  that  the  latter  is  here  cutting  across  the  Blue  Limestone. 
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Head  of  California  gulch. — At  the  head  of  California  gulch,  on  the  north, 
the  Ohio  Bonanza  tunnel  (not  on  map)  runs  in  at  the  surface  of  a  fragment 
of  Blue  Limestone  which  has  been  left  above  the  White  Porphyry;  still 
higher  up,  the  Snowbird  shows  a  sandstone  completely  impregnated  with 
pyrite  and  surrounded  by  Pyritiferous  Porphyry,  which  is  supposed  to  be 
a  detached  fragment  of  Weber  Shales.  On  the  south  side  the  Tinker 
(E— 43)  shaft  has  penetrated  the  White  Porphyry  to  the  underlying  lime- 
stone. The  Belle  Vernon  shaft  was  sunk  through  80  feet  of  Wash  and  150 
feet  of  White  Porphyry  without  reaching  it. 

The  occurrence  of  Wash  here  in  California  gulch  is  significant,  as 
showing  that  the  Iowa  gulch  glacier  must  at  one  time  have  filled  the 
valley  to  the  height  of  the  saddle  east  of  Printer  Boy  Hill  and  a  part  of  its 
moraine  material  must  have  been  pushed  over  into  the  head  of  California 
gulch,  or  else  that  a  portion  of  the  glacier  actually  extended  over  the  ridge. 
In  the  lower  part  of  the  gulch  there  is  no  evidence  of  glacial  action. 

Pyritiferous  Porphyry. — On  the  south  side  of  Green  Mountain,  overlooking 
Iowa  gulch,  is  the  Alta  tunnel,  which  runs  30  feet  through  Wash,  63  feet 
through  White  Porphyry,  and  192  feet  into  the  overlying  body  of  Pyri- 
tiferous Porphyry,  here  dipping  northeastward,  while  the  North  Star  shaft 
(E— 23),  just  above  it,  is  sunk  in  Pyritiferous  Porphyry.  The  rock  here, 
though  characteristic,  does  not  contain  much  pyrite,  except  at  the  end  of 
the  Alta  tunnel,  where  it  is  associated  witli  stains  of  galena.  Little  SchuyL 
kill  shaft,  in  the  south  head  of  California  gulch,  has  been  sunk  through 
Pyritiferous  Porphyry  into  the  underlying  White  Porphyry,  while  the 
Ella  and  adjoining  (F-38)  tunnels  are  run  in  Pyritiferous  Porphyry.  All 
these  shafts  are  just  below  the  Weston  fault,  and  the  Pyritiferous  Porphyry 
belongs  to  the  main  sheet  which  covers  the  greater  part  of  the  slopes  of 
Breece  Hill,  and  which  corresponds  with  the  lowest  sheet  east  of  the  fault, 
viz,  that  found  just  above  Idaho  Park. 

In  California  gulch,  as  already  stated,  there  is  a  still  lower  body  of 
Pyritiferous  Porphyry,  whose  rock,  though  not  absolutely  identical  with 
the  other,  resembles  it  closely  enough  to  form  a  part  of  the  same  body, 
and  which  comes  at  different  points  in  contact  now  with  the  Blue  Limestone 
and  now  with  the  White  Limestone.  It  is  therefore  supposed  to  be  cutting 
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up  across  these  beds.  It  is  proved  on  the  south  side  of  the  gulch  in  the 
Ben  Franklin  tunnel  and  shaft  and  in  the  Kid,  Burt  (M-13),  Soda  Card 
(M-20),  and  other  shafts.  The  Wynan  shaft  (M-12)  has  sunk  into  it 
through  the  Parting  Quartzite,  while  the  Eclipse  No.  2  shaft  (M-8)  is  still 
in  White  Limestone. 

North  side  of  California  gulch.  —  On  the  north  side  of  Upper  California  gulch 
the  Parting  Quartzite  outcrops  at  Pigtail  gulch  and  can  be  traced  in  a 
number  of  prospect  holes  and  in  the  slide.  In  the  Iron  Duke  it  shows  iron 
ore  which  deflects  the  needle.  The  Frank  shaft  (L-26)  has  gone  through 
the  White  Porphyry  into  underlying  White  Limestone.  The  Charlie  P. 
(L-28)  tunnel  in  Pigtail  gulch  and  the  P.  I.  R.  (L-29)  and  Comstock 
tunnels  run  also  in  White  Porphyry,  which  gradually  thins  out  to  the 
westward  between  the  two  bodies  of  Pyritiferous  Porphyry.  The  Comstock 
runs  in  on  the  contact  of  this  White  Porphyry  and  a  thin  layer  of  dark, 
impure  limestone,  which  dips  15°  to  the  northeast  and  is  considerably  min- 
eralized. From  it  has  been  obtained  serpentine  similar  to  that  found  in  the 
Red  amphitheater  of  Buckskin  gulch.  The  lithological  character  of  this 
limestone  gives  no  definite  indication  of  its  horizon.  The  presence  of  the 
serpentine  allies  it  to  the  White  Limestone,  but  general  stratigraphical  conr 
siderations  favor  its  reference  to  the  horizon  of  the  Blue  Limestone.1  In 
either  case  it  is  evident  that  the  White  Porphyry,  as  well  as  the  lower  body 
of  Pyritiferous  Porphyry,  is  here  cutting  up  across  the  strata. 

Primer  Boy  Porphyry. — Lower  down  the  gulch  the  portion  of  Printer  Boy 
Hill  included  between  the  Pilot  and  Mike  faults,  a  wedge-shaped  block  of 
ground  which  seems  to  have  been  let  down  between  them,  shows  at  the 
surface  only  a  body  of  quartz-porphyry,  which  is  noticeable  as  being  that 
in  which  the  principal  developments  of  gold  ore  have  thus  far  been  found, 
those  of  the  Printer  Boy  and  "5-20"  mines.  This  porphyry  is  generally 
decomposed  and  does  not  correspond  exactly  to  any  other  found  in  the  re- 
gion, though  somewhat  resembling  the  Gray  Porphyry.  It  has  a  greenish- 
gray  matrix,  owing  its  color  doubtless  to  the  decomposition  of  bisilicates,  with 
large  white  opaque  feldspars  often  two  to  three  inches  long.  Its  eastern 
limits  are  defined  by  the  Abe  Lincoln  (M-36),  Nightingale  (M-33),  and 

'Oil  the  map  this  limestone  is  outlined,  hut  the  blue  color  has  been  omitted. 
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Pilot  tunnels,  the  latter  of  which  is  directly  on  the  fault  line.  The  workings 
of  the  various  shafts  of  the  Printer  Boy  mine  follow  a  crack  or  fissure  in 
the  body  of  this  porphyry  and  cut  an  apparently  included  body  of  Pyri- 
tiferous  Porphyry.  The  Gray  Eagle  tunnel  in  Eureka  gulch  is  on  the 
western  limits  of  the  body,  in  contact  with  an  underlying  mass  of  Pyritif- 
erous  Porphyry.  The  Fitz-James  (?)  shaft  (M— 54),  at  the  head  of  Eureka 
gulch  and  just  west  of  the  Mike  fault,  after  penetrating  the  Wash,  was  sunk 
through  a  large  mass  of  decomposed  porphyry,  apparently  of  two  kinds, 
one  supposed  to  be  Pyritiferous  Porphyry,  and  reached  the  White  Porphyry, 
still  below  that.  This  body  of  Pyritiferous  Porphyry  is  apparently  part  of 
the  main  sheet  that  covers  Breece  Hill,  and  seems  to  thin  out  to  the  south 
and  west.  It  forms  the  bed  of  California  gulch  from  Oro  City  up  to  the 
Pilot  fault,  while  the  underlying  White  Porphyry  outcrops  below  Oro  City. 
The  shaft  L— 44,  still  on  the  east  side  of  the  Mike  fault,  is  sunk  in  this  same 
underlying  White  Porphyry. 

Mike  mine. — The  Mike  mine,  just  east  of  the  head  of  Nugget  gulch,  is 
.  also  sunk  in  the  White  Porphyry,  a  little  west  of  the  line  of  the  fault.  The 
porphyry  here  shows  a  very  peculiar  semi-columnar  structure,  which  is  evi- 
dently due  to  the  pressure  and  movement  caused  by  the  fault.  It  separates 
out  in  long,  flattened  prisms,  and  the  porphyritic  structure  of  the  material, 
which  is  reduced  practically  to  a  clay,  is  almost  lost.  The  flat  surfaces  of  the 
prisms  are  parallel  to  the  fault  plane,  and  not  at  right  angles  to  it,  as  would 
be  the  case  if  it  were  the  columnar  structure  of  a  dike.1 

Breece  Hill. —  The  whole  surface  of  Breece  Hill  north  of  California  gulch 
and  east  of  the  Mike  fault  shows  nothing  but  Pyritiferous  Porphyry.  In 
the  weathered  1'ock,  as  has  already  been  stated,  pyrites  are  not  generally 
found,  having  been  dissolved  out  by  surface  waters;  but  wherever  it  is  ex- 
posed bj  shafts  or  tunnels  it  is  found  to  contain,  at  a  distance  from  the  sur- 
face, a  most  remarkable  quantity  of  fine  crystals,  varying  from  almost  mi- 
croscopic size  tc  one-eighth  of  an  inch  or  more  in  diameter.  These  are  fre- 
quently concentrated  along  natural  joints  in  the  rock,  and  in  such  cases 

'Developments  made  iu  this  mine  since  the  completion  of  field- work  have  confirmed  the  asser- 
tions made  in  regard  to  tho  structure  at  this  point,  and  shown  on  Atlas  Sheet  XVIII,  Section  FF.  The 
contact  was  struck  in  the  shaft  at  a,  depth  of  426  feet,  and  the  fault  proved  by  a  drift  run  east.  The 
formation  dips  20°  to  tho  southwest.,  showing  that  the  amount  of  basiuing-up  was  under  rather  than 
over  valued.  The  ore  found  is  principally  snlphurets  and  eaid  to  be  exceptionally  rich. 
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sometimes  accompanied  by  a  slight  deposit  of  galena,  as,  for  instance,  in  the 
Printer  Girl,  Lalla  Rookh,  and  Lillie  tunnel.  Thus  far  no  valuable  deposits 
of  ore  have  been  found  in  this  body,  nor,  except  on  its  northern  edge,  has 
its  thickness  been  determined.  On  its  southern  and  western  borders  it  is 
found  to  be  underlaid  by  White  Porphyry,  and  on  the  northeastern  edge 
the  main  sheet  of  Gray  Porphyry  intervenes  between  the  two.  As  already 
explained,  it  is  evidently  cutting  up  across  the  formations  in  California 
gulch,  and  on  White's  Hill  it  rests  directly  on  the  lower  sheet  of  White  Por- 
phyry, probably  cutting  up  across  Blue  Limestone  and  upper  White  Por- 
phyry to  the  north,  as  shown  in  the  north  and  south  sections,  K  and  L, 
Atlas  Sheet  XXI.  The  numerous  prospect  shafts  which  have  been  sunk 
in  this  body  were  mostly  deserted  at  the  time  of  this  visit,  so  that  definite 
data  as  to  their  depth  could  not  always  be  obtained  The  Comstock  (L-17) 
and  Tribune  (L-ll)  shafts  had  reached  a  depth  of  300  feet  and  were 
still  in  it.  The  Cumberland  shaft,  at  a  depth  of  450  feet,  had  struck  the 
underlying  Gray  Porphyry,  into  which  it  had  penetrated  25  feet.  The 
Lady  Jane  shaft,  a  little  to  the  west,  had  also  reached  the  Gray  Porphyry, 
but  its  depth  was  not  ascertained.  At  the  northwestern  corner  of  the  body, 
the  Ishpeming  shaft  (L— 42)  and  the  Kent  shaft  (L-43)  had  also  pene- 
trated the  Pyritiferous  Porphyry,  the  former  to  a  depth  of  90,  the  latter  of 
100  feet,  and  reached  the  underlying  White  Porphyry,  showing  that  the 
Pyritiferous  Porphyry  rapidly  thins  out  in  this  direction. 

Breece  fault. — The  northern  limits  of  the  body  are  sharply  defined  by 
the  Breece  cross-fault.  This  fault,  which  has  porphyry  on  either  side  and 
at  its  western  end  identically  the  same  rock,  cannot  be  traced  on  the  sur- 
face. It  has  a  nearly  east  and  west  direction,  extending  across  Adelaide 
Park,  through  the  Silver  Cloud  (K-59)  and  Eureka  shafts,  north  of  the 
Kent,  south  of  the  Breece  Iron,  north  again  of  the  Glasgow  and  Comstock 
shafts,  which  are  in  the  Pyritiferous  Porphyry,  and  south  of  the  Pennsyl- 
vania shaft  (K-19),  which  is  in  the  Gray  Porphyry  The  porphyry  in  the 
Silver  Cloud  shaft  shows  the  same  evidence  of  pressure  as  that  already  de- 
scribed in  the  Mike,  while  the  Eureka  shaft  shows  a  breccia  material  made 
up  of  small  fragments  of  what  would  appear,  under  the  microscope,  to  be 
volcanic  rock  of  the  rhyolitic  type.  No  satisfactory  explanation  of  this 
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peculiar  occurrence  has  been  found,  nor  can  it  be  hoped  for  until  work  on 
the  now  abandoned  shafts  shall  be  resumed. 

The  upthrow  of  the  Breece  fault  is  to  the  north,  and  apparently  reaches 
a  maximum  at  its  -eastern  end,  where  it  is  estimated  at  about  500  feet. 

Breece  iron  mine. — The  Breece  Iron  mine,  which  is  situated  on  the  western 
slope  of  Breece  Hill,  overlooking  Adelaide  Park,  has  a  remarkable  deposit 
of  red  hematite,  mixed  with  magnetite,  which  occurs  at  the  contact  of  the 
main  sheets  of  White  and  Gray  Porphyries.  Its  ore  is  found  at  the  surface 
in  two  bodies,  having  a  maximum  thickness  of  nearly  thirty  feet  each,  the 
lower  of  which  is  underlaid  by  White  Porphyry,  while,  between  it  and  the 
upper  body,  which  is  apparently  an  offshoot  from  the  main  body,  is  a  sheet 
of  decomposed  porphyry  which  has  certain  resemblances  both  to  the  Pyri- 
tiferous  and  to  the  Gray  Porphyry.  This  deposit  is  apparently  due  to  the 
oxidation  of  a  mass  of  iron  pyrites,  which  were  brought  to  their  present  po- 
sition in  solution  in  a  similar  manner  to  the  other  ore  deposits  of  the  region. 
Indications  of  iron  are  found  along  the  contact  line  between  the  White  and 
Gray  Porphyries,  to  the  eastward,  but  as  yet  no  considerable  bodies  of  iron 
have  been  developed. 

West  of  the  Breece  mine,  the  Superior  and  Mountain  Boy,  on  the  ridge 
connecting  Breece  and  Yankee  Hills,  have  also  struck  a  considerable  body 
of  iron  between  the  Gray  and  White  Porphyries,  dipping  north.  This  may 
be  a  continuation  of  the  Breece  Iron  body,  the  intermediate  portion  having 
been  removed,  by  the  erosion  of  the  head  of  Stray  Horse  gulch,  which  has 
brought  to  the  surface  the  White  Porphvry  underlying  the  Gray.  On  the 
other  hand,  while  the  Breece  iron  is  an  anhydrous  red  hematite,  the  mate- 
rial developed  in  these  shafts  consists  of  brown  hematite  and  bluish-gray 
chert,  the  usual  replacement,  material  of  Blue  Limestone,  for  which  reason 
the  outcrop  is  indicated  on  the  map  by  the  color  of  that  formation.  The 
Theresa  (K-57)shaft,  to  the  northeast,  finds  shales  impregnated  with  pyrites 
at  the  contact  of  the  two  porphyries,  at  a  depth  of  325  feet. 

AREA  NORTH  OF  BREECE  FAULT. 

The  line  of  Mike  fault,  if  continued  northward,  would  pass  through  an 
anticlinal  fold,  whose  crest  reaches  from  the  north  slope  of  Yankee  Hill  to 
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the  southwest  foot  of  Canterbury  Hill,  just  below  the  forks  of  Little  Evans 
gulch.  To  this  line  converges  also  the  northern  end  of  the  Iron  fault,  whose 
throw  becomes  null  at  the  crest  of  the  fold.  The  simplest  expression  of  the 
structure  of  the  region  between  Fryer  Hill  and  Weston  fault  north  of 
Stray  Horse  gulch  is  that  of  a  synclinal  basin  in  Little  Stray  Horse  Park, 
the  eroded  crest  of  an  anticline  at  Yankee  Hill,  and  a  syncline  farther 
eastward,  whose  rim  is  partially  cut  off  by  the  Weston  fault.  The  intrusive 
masses  of  porphyry  here  associated  with  the  regular  sedimentary  series  are 
a  lower  sheet  of  White  Porphyry  between  the  White  Limestone  and  Part- 
ing Quartzite,  an  upper  sheet  of  White  Porphyry  above  the  Blue  Limestone, 
and  the  main  sheet  of  Gray  Porphyry  above  it.  This  comparatively  simple 
structure,  resulting  from  folding  alone,  which  obtains  along  the  line  of  Big 
Evans  gulch,  on  the  north  slope  of  Yankee  Hill,  is  complicated  on  the  south, 
first,  by  the  displacement  of  the  Iron  fault,  which  cuts  diagonally  into  the 
crest  of  the  fold  after  crossing  Stray  Horse  gulch  west  of  the  Argentine 
tunnel  and  passing  between  the  Double- Decker  and  Highland  Mary  shafts, 
the  east  and  west  shafts  of  the  Hard  Cash  mine,  and  through  the  eastern  end 
of  the  Chieftain  tunnel ;  secondly,  by  the  movement  of  the  Adelaide  cross- 
fault,  which  extends  from  the  Iron  fault  opposite  the  mouth  of  the  Argentine 
tunnel,  just  west  of  the  Laura  Lynn  shaft,  to  the  saddle  between  Adelaide 
Park  and  the  head  of  Nugget  gulch ;  and,  thirdly,  by  the  intrusion  of  sev- 
eral irregular  masses  of  Gray  Porphyry. 

synciine  east  of  Yankee  Hiii.  —  The  greater  part  of  the  surface  between 
Yankee  Hill  on  the  west,  the  mouth  of  Lincoln  gulch  on  the  east,  and  the 
steep  slopes  of  Prospect  Mountain  on  the  north  is  covered  by  the  main 
sheet  of  Gray  Porphyry,  which  directly  overlies  the  upper  sheet  of  White 
Porphyry.  The  White  Porphyry  only  comes  to  the  surface  along  the  flanks 
of  the  Yankee  Hill  anticline  and  in  the  valley  of  Upper  Stray  Horse  gulch 
and  Adelaide  Park.  The  contours  of  the  map  in  the  latter  region  would 
seem  at  first  glance  to  negative  the  idea  that  the  exposure  of  porphyry  was 
simply  due  to  a  deeper  erosion,  since  they  show  in  the  White  Porphyry 
area  not  only  a  valley  but  also  the  summit  of  a  ridge.  It  must  be  borne 
in  mind,  however,  that  these  contours  represent  the  actual  surface  of  the 
ground  and  not  the  rock  surface,  whereas  the  geological  outlines  refer  only 
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to  the  latter ;  and  the  records  of  the  depth  of  Wash  in  various  shafts  here 
show  that  this  ridge  was  formed  by  the  south  moraine  of  the  Evans  glacier. 

The  Keystone  (K-58),  Uranus  (K-53),  Tiger  bore-hole  (K-47), 
White  Check  (K-48),  Tootie  Gaylord  (K-46),  Big  Six,  and  the  lower 
shaft  of  the  Breece  Iron  have  found  White  Porphyry  immediately  under 
the  Wash,  the  latter  shaft  being  sunk  into  it  for  a  depth  of  350  feet,  while 
the  Tiger  bore-hole,  at  a  depth  of  500  feet,  was,  as  well  as  could  be  ascer- 
tained, still  in  it. 

On  the  upper  northwest  slope  of  Breece  Hill  are  a  number  of  shafts 
in  the  Gray  Porphyry,  most  of  which  have  not  gone  through  it,  The 
Fenian  Queen,  adjoining  the  road,  passed. through  150  feet,  respectively,  of 
Gray  tind  White  Porphyry  into  the  underlying  Weber  Shale.  The  Nora, 
near  the  foot  of  the  slope  below  it,  reached  the  contact  under  the  Gray  Por- 
phyry without  finding  any  intervening  White  Porphyry. 

A  group  of  shafts  in  the  neighborhood  of  the  Great  Hope  and  Across- 
the-Ocean  find  the  Blue  Limestone  at  a  comparatively  small  depth,  in  general 
not  more  than  seventy  to  eighty  feet,  and  the  White  Porphyry  between  it 
and  the  Gray  Porphyry  is  either  very  thin  (fifteen  to  twenty  feet  in  the 
shafts  above  mentioned)  or  entirely  wanting,  as  in  the  Bosco  (K-28). 
The  Great  Hope,  after  passing  through  these  sheets  of  White  and  Gray 
Porphyry,  found  60  feet  of  vein  material,  and  reached  the  Parting  Quartzite, 
here  carrying  gold,  at  a  depth  of  1 30  feet.  On  the  other  hand,  directly  west 
of  these~shafts,  the  Independent  has  been  sunk  4"20  feet  in  the  Gray  Por- 
phyry and  the  H.  M.  L.  160  feet  without  reaching  the  bottom,  while  the 
Onota,  which  is  150  feet  lower  than  the  Independent,  found  vein  material 
at  a  depth  of  400  feet,  after  passing  through  300  feet  of  Gray  Porphyry  and 
100  feet  of  White  Porphyry.  There  is,  therefore,  evidently  a  synclinal  basin 
between  the  Great  Hope  and  the  crest  of  Yankee  Hill,  and  also  some  indi- 
cation that  the  contact  sinks  to  the  eastward  before  rising  up  under  the 
influence  of  South  Evans  anticline  against  Weston  fault ;  in  other  words, 
that  there  is  a  slight  ridge  or  secondary  fold  in  the  strata  on  the  line  through 
these  shafts,  as  shown  in  Section  D,  Atlas  Sheet  XVIII. 

The  Little  Prince,  on  this  same  line,  but  higher  up  on  the  slope  of  Breece 
Hill,  reached  the  Blue  Limestone  horizon,  which  is  here  represented  by  a 
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mass  of  silicious  vein  material  containing  pockets  of  carbonate,  at  a  depth 
of  230  feet.  Inasmuch  as  this  shaft  starts  at  an  elevation  of  about  two  hun- 
dred and  fifty  feet  above  the  Great  Hope,  the  absolute  level  of  the  contact 
is  here  even  higher  than  at  the  Great  Hope,  as  shown  in  Section  L,  Atlas 
Sheet  XXI. 

A  number  of  shafts  near  this  —  the  Galesburg  (K— 33),  the  White 
Prince  (K-36),  and  Nettie  Morgan  (K-38) — have  also  reached  the 
contact  after  passing  through  Gray  and  White  Porphyry.  The  Big  Six, 
at  a  depth  of  300  feet,  and  the  Tiger  bore-hole,  at  500  feet,  as  already  men- 
tioned, were  still  in  White  Porphyry,  showing  that  in  a  southwest  direction 
it  thickens  very  rapidly.  Between  Evans  gulch  and  Little  Evaift  the  moraine 
ridge  buries  the  rock  surface  to  such  a  depth  that  except  at  its  western  end 
it  has  not  been  reached. 

On  the  slope  of  Prospect  Mountain,  as  will  be  shown  later,  the  Gray 
Porphyry  is  overlaid  by  the  Weber  Shales.  The  underlying  White  Por- 
phyry is  thinning  out  to  the  northeast,  while  still  farther  north  the  Mount 
Zion  Porphyry  comes  in  between  the  Gray  Porphyry  and  the  Weber  Shales. 

Yankee  Hiii  anticline. — Across  the  west  slope  of  Yankee  Hill,  just  below 
its  crest,  runs  the  axis  of  an  anticlinal  fold,  which  in  Evans  gulch  prob- 
ably bends  to  the  southwest  to  connect  with  the  anticline  shown  at  the 
forks  of  Little  .Evans,  at  the  south  base  of  Canterbury  Hill.  The  rock 
surface  in  the  crest  of  the  fold  on  Yankee  Hill  is  formed  of  White  Por- 
phyry, belonging  to  the  sheet  which  comes  between  the  White  and  Blue 
Limestones,  this  region  being  northeast  of  the  imaginary  line  already  men- 
tioned as  running  southeast  from  Fryer  Hill,  along  which  the  main  sheet 
of  White  Porphyry  splits  in  two,  one  portion  remaining  above  the  Blue 
Limestone  and  the  other  being  found  below  it. 

North  slope  of  Yankee  HHi. — The  regular  succession  of  beds  on  either  side 
of  the  axis  of  this  anticlinal  fold  is  best  shown  in  the  shafts  on  the  north 
side  of  the  hill.  In  Johnson  gulch  the  Andy  Johnson  (P— 1)  shaft  reaches 
the  contact  after  passing  through  both  the  main  sheet  of  Gray  Porphyry 
and  the  underlying  White  Porphyry,  the  latter  being  here  84  feet  thick. 
The  Bevis  No.  3  (P-5),  Bevis  Discovery  (P-6),  and  the  Boulder  Nest 
(P— 8)  shafts  have  started  in  White  Porphyry  and  readied  the  contact 
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at  depths  below  rock  surface  of  170  feet,  45  feet,  and  50  feet,  respect- 
ively, the  latter  having  also  70  feet  of  Wash.  The  Hidden  Treasure  tun- 
nel (P-7)  is  run  in  on  the  contact  line.  The  William  and  Mary  tunnel 
(P— 12)  runs  on  the  contact  of  the  Parting  Quartzite  and  White  Limestone, 
and  the  Sappho  shaft  develops  the  contact  of  White  Limestone,  dipping  10° 
east,  with  underlying  White  Porphyry.  This  White  Porphyry  is  the  lower 
sheet  which  occurs  normally  between  the  Blue  and  White  Limestones,  and 
the  White  Limestone  developed  in  the  two  shafts  is  evidently  a  portion 
split  off  from  the  main  formation  by  this  porphyry  sheet  and  left  above  it. 
The  White  Rabbit  (P-17)  and  Little  Stella  are  sunk  in  the  lower  sheet 
of  White  Porphyry,  the  latter  having  reached  the  main  body  of  White 
Limestone  below  it.  The  Bismark  (P-20)  and  Holden  (P-24)  are  sunk 
in  the  lower  portion  of  the  White  Limestone,  near  the  crest  of  the  fold,  the 
latter  having  reached  the  Lower  Quartzite  beneath  it. 

On  the  west  of  the  fold  the  J.  B.  Grant  and  the  Dania  (P— 30)  are 
sunk  through  the  lower  sheet  of  White  Porphyry  into  the  underlying  Lime- 
stone, while  the  First  Chance  (P-37),  Bobtail  (P-40),  and  the  Cordelia 
Edmonston  find  Blue  Limestone,  or  the  vein  material  which  replaces  it, 
immediately  below  the  Wash.  These  outcrops  form  part  of  the  eastern 
member  of  the  Little  Stray  Horse  syncline. 

south  slope  of  Yankee  Hiii. — On  the  south  side  of  Yankee  Hill,  towards  Stray 
Horse  gulch,  the  simple  anticlinal  structure  shown  above  is  considerably 
complicated.  The  first  disturbing  element  is  the  Iron  fault,  which  may  be 
regarded  as  the  result  of  an  anticlinal  fold,  since  the  beds  dip  away  from  it 
on  either  side.  Hence,  an  eastern  dip  is  found  here  in  a  position  on  the 
slope  corresponding  to  the  western  dip  shown  in  the  last-mentioned  shafts, 
and,  by  the  movement  of  the  fault,  Lower  Quartzite  and  Archean  outcrops 
are  exposed  directly  east  of  it.  Besides  this,  there  extends  from  the  crest 
of  the  hi)l  southward  across  Adelaide  Park  a  large  mass  of  porphyry  resem- 
bling Gray  Porphyry,  which  splits  the  Blue  Limestone,  and  which,  from 
the  meager  data  obtainable,  seems  to  be  cutting  up  across  the  formation 
from  below.  For  convenience  of  description  this  mass  of  porphyry  will 
be  called  the  Adelaide  body.  Near  the  crest  of  Yankee  Hill  a  considerable 
body  of  iron-vein  material  has  been  developed,  which  passes  into  Blue 
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Limestone  to  the  south  and  belongs  to  the  eastern  member  of  the  Yankee 
Hill  anticline,  being  a  continuation  of  that  found  in  the  Andy  Johnson 
and  other  mines. 

The  Little  Champion  (P-ll)  and  Greenwood  shafts  were  still  in  this 
body  of  vein  material,  the  former  at  a  depth  of  200  feet,  after  having  passed 
through  30  feet  of  Wash  and  15  feet  of  White  Porphyry.  The  Clara  Dell 
shaft,  close  by,  found  Wash,  126  feet;  vein  material,  5  feet;  White  Porphyry, 
95  feet;  Adelaide  Porphyry,  20  feet;  and  White  Porphyry  again,  121  feet. 
The  Rothschild  (P-9)  was  sunk  65  feet  in  Adelaide  Porphyry,  while  the 
Leavenworth  (P-4),  a  short  distance  east,  reached  the  Blue  Limestone  after 
passing  through  220  feet  of  White  Porphyry  without  finding  the  Adelaide 
body,  which  must  therefore  go  down  very  steeply  on  this  line.  The  Louis- 
ville (O-13)  on  the  north  and  the  Laura  Lynn  (O-15)  on  the  south  side 
of  Adelaide  park  are  both  in  Adelaide  Porphyry,  while  the  Day  bore-hole 
(O— 14)  in  the  middle  furnishes  the  following  important  section,  as  derived 
from  an  examination  of  drill-cores:  Adelaide  Porphyry,  100  feet;  White 
Limestone,  87  feet;  Adelaide  Porphyry,  39  feet;  White  Limestone,  37  feet; 
Lower  Quartzite,  116  feet;  Archean,  2  feet.  It  thus  appears  that  the  Ade- 
laide Porphyry  is  here  in  part  immediately  above  the  White  Limestone, 
whereas  in  the  Clara  Dell  it  was  in  the  lower  body  of  White  Porphyry,  which 
is  wanting  at  this  point.  From  the  extremely  short  distance  between  the 
Rothschild  and  Leavenworth  and  from  the  great  depth  of  the  Blue  Lime- 
stone in  the  latter,  it  is  assumed  that  a  probable  angle  of  dip  of  the  Blue 
Limestone  would  bring  it  to  the  surface  near  the  former,  were  it  not  that  it  is 
here  cut  off  by  the  Adelaide  Porphyry,  which  must  cross  it  nearly  vertically. 
South  and  east  of  the  Day  bore-hole  again,  the  Park  (O-4)  shaft,  the  shaft 
0-6,  and  the  Lily  (0-5)  shaft  find  Blue  Limestone  beneath  the  Wash, 
the  last  having  reached  White  Porphyry  beneath  it.  In  the  two  latter 
shafts  and  in  the  eastern  Park  (O-l)  shaft  the  limestone  has  a  cream- 
colored  tint,  resembling  decomposed  White  Porphyry,  while  in  the  west- 
ern Park  shaft  it  has  the  characteristic  blue-gray  color.  The  underlying 
White  Porphyry  is  cut  in  the  adjoining  shafts  (0-10),  (O-12),  and  Keno 
(0-11),  while  Keno  (O-7)-  is  near  the  probable  line  of  the  Adelaide 
fault.  The  Horseshoe  shaft,  just  south  of  these,  at  the  head  of  Nugget 
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gulch,  passed  through  over  four  hundred  and  eighty  feet  of  the  upper 
sheet  of  White  Porphyry  before  reaching  Blue  Limestone. 

Adelaide  fault. — The  Adelaide  cross-fault  follows  nearly  the  bed  of  Stray 
Horse  gulch  from  the  Iron  fault  up  as  far  as  the  Adelaide  smelter,  from 
which  point  it  bends  southward,  passing  to  the  south  of  the  Laura  Lynn 
shaft.  In  this  portion,  however,  it  is  impossible  to  determine  its  location 
with  any  approach  to  accuracy,  as  but  few  shafts  are  sunk  and  at  its  east- 
ern end  White  Porphyry  occurs  on  either  side  of  it.  Its  displacement  is 
slight,  its  upthrow  being  on  the  northeast,  and  probably  reaching  a  maxi- 
mum at  its  eastern  end,  It  might  be  considered  as  a  branch  of  the  Mike 
fault,  that  fault  having  split  into  two  at  its  northern  extremity. 

It  must  be  admitted  that  the  triangular  piece  of  ground  in  Adelaide 
Park  between  the  Mike  fault  and  the  Adelaide  cross-fault,  in  which  the  few 
deep  shafts  that  have  been  sunk  are  mainly  in  different  varieties  of  porphyry 
which  the  miners  do  not  distinguish  apart,  shows  a  complication  of  struct- 
ure of  which  the  explanation  afforded  by  the  map  and  sections  may  not 
prove  entirely  accurate  when  more  extended  explorations  are  made.  There 
seems  little  doubt,  however,  that  the  irregular  body  of  Adelaide  or  Gray 
Porphyry  has  been  forced  up  directly  from  below  somewhere  in  this  re- 
gion; that  it  crosses  the  strata,  and  by  thus  interrupting  the  currents  has 
been  influential  in  determining  the  deposition  of  metallic  minerals  in  this 
neighborhood,  which  are  not  only  very  abundant,  but  very  irregularly  dis- 
tributed. 

southwest  slope. — On  the  southwest  slope  of  Yankee  Hill  the  succession 
of  outcrops  indicated  by  the  shafts  is  as  follows:  The  Shenango  (P-16) 
and  Logan  No.  2  shafts  are  in  White  Porphyry,  below  the  Wash,  while  the 
Woodruff  and  Red-Headed  Mary  (P-22)  have  penetrated  this  body  and 
reached  the  White  Limestone  beneath  it.  The  shaft  P-25  finds  White 
Limestone  below  the  Wash;  the  Hard  Cash  (P-31)  and  the  Moonstone 
(P-32)  shafts  are  in  Lower  Quartzite,  and  the  Hard  Cash  (P-35),  Logan 
No.  1  (P-27),  and  Silver  Basin  shafts  have  penetrated  the  Lower  Quartz- 
ite to  the  underlying  Archean.  The  Double-Decker  shafts  (P-47  and 
P-48)  have  been  working  on  a  body  of  gold  ore  in  the  Lower  Quartzite, 
near  the  junction  of  the  Adelaide  and  Iron  faults. 
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Moraines. — The  depth  of  Wash,  where  it  could  be  obtained,  affords  data 
for  locating  the  limits  of  the  south  branch  of  the  Evans  glacier.  These 
nearly  coincide  with  the  bed  of  Stray  Horse  gulch,  which  has  been  eroded 
along  the  contact  of  its  moraine  with  the  rock  surface  to  the  south.  South 
of  this  line  there  is  practically  no  Wash,  while  the  line  of  shafts  just  north 
of  it  show  the  following  depths  of  moraine  material:  Leavenworth  (P-4), 
207  feet;  Rothschild  (P-9),  260  feet;  Clara  Dell,  126  feet;  Woodruff,  148 
feet;  Logan,  100  feet;  Silver  Basin  (P-33),  231  feet;  Indiana  (P-53),  180 
feet;  Raven,  200  feet;  Right  Angle  (P-69),  200  feet;  Hunkidori  (in  the 
gulch),  35  feet;  Denver  City  shafts,  180  feet. 

AREA   BETWEEN   MIKE   AND    IKON-DOME   FAULTS. 

The  area  west  of  the  Mike  fault  is  divided  into  three  faulted  blocks  by 
the  displacement  of  the  Iron-Dome  and  Carbonate  faults.  North  of  the 
line  of  Stray  Horse  gulch  these  faults  merge  into  folds,  and  the  structure  is 
that  of  a  series  of  anticlines  and  synch'nes,  of  which  the  Yankee  Hill  anti- 
cline and  syncline  have  just  been  described.  In  what  follows,  the  areas 
included  between  the  two  faults  will  be  first  taken  up;  then  the  Little  Stray 
Horse  Park  syncline  and  Fryer  Hill  double  anticline ;  after  that  the  Pros- 
pect Mountain  region  north  of  Evans  gulch,  in  which  the  folds  are  merged 
into  one  broad  anticlinal  and  synclinal  fold,  and  finally  the  "as  yet  unknown 
mesa  region  under  Leadville  itself. 

iron-Dome  fault. — The  Iron  fault  has  been  actually  cut  by  underground 
workings  and  its  plane  explored  to  a  greater  extent  than  any  other  in  the 
region,  so  that  the  line  of  its  intersection  with  the  rock  surface  is  the  most 
accurately  determined,  and  perhaps  for  this  very  reason  the  most  irregular. 
This  irregularity  has  no  doubt  been  exaggerated  by  the  effect  of  erosion, 
and  if  the  intersection  of  the  fault  plane  with  the  rock  surface  were  in  a 
horizontal  plane  it  would  show  less  abrupt  curves,  but  still  present  a  marked 
contrast  to  the  lines  usually  employed  to  represent  fault  outcrops. 

At  its  north  end,  on  the  west  slope  of  Yankee  Hill,  as  already  shown, 
it  merges  into  an  anticlinal  fold.  Its  plane  is  first  cut  at  the  end  of  the 
Chieftain  (P-43)  tunnel,  which  runs  360  feet  in  an  average  direction  S. 
55°  E.  through  Blue  Limestone  and  vein  material,  much  compressed  and 


BETWEEN  IRON-DOME  AND  MIKE  FAULTS.  245 

broken,  and  passes  suddenly  into  granite ;  the  plane  of  the  fault  is  here 
nearly  vertical.  South  of  this  point  it  passes  between  the  (P-46)  shaft 
of  the  Hard  Cash  mine  in  vein  material  on  the  west  and  the  two  (P-31 
and  P-35)  which  are  in  Lower  Quartzite  on  the  east.  It  crosses  Stray 
Horse  gulch  between  the  Argentine  tunnel  and  the  Devlin  shaft,  then  is  lost 
sight  of  in  an  area  of  White  Porphyry,  in  which  it  bends  to  the  west,  and 
is  next  seen  in  the  Codfish  Balls  (0-37).  Its  course  beyond  this  through 
the  mines  of  Iron  Hill  will  be  described  in  detail  in  Part  II,  Chapter  II. 

Beyond  California  gulch  it  is  again  lost  sight  of  in  porphyry,  but  its 
line  would  carry  it  into  the  axis  of  a  synclinal  fold  between  California  and 
Iowa  gulches.  The  actually  proved  continuation  of  its  movement  is  along 
the  California  fault  up  California  gulch  to  the  Dome  fault,  which  runs  south 
across  Dome  Hill  and  in  Iowa  gulch  passes  into  a  probable  anticlinal  fold. 
The  displacement  of  this  fault  is  an  upthrow  on  the  east,  its  maximum  of 
about  one  thousand  feet  being  reached  opposite  the  Iron  mine,  and  decreas- 
ing both  to  the  north  and  south. 

The  area  between  Mike  and  Iron-Dome  faults  from  the  southern  bound- 
ary of  the  map  to  the  Adelaide  cross-fault  is  practically  a  block  of  easterly- 
dipping  beds,  the  surface  being  principally  formed  by  the  main  sheet  of 
White  Porphyry,  with  a  fringing  outcrop  on  the  west  of  the  Blue  Lime- 
stone, and,  where  erosion  has  cut  deep  enough  before  the  Iron— Dome  fault  is 
reached,  by  those  of  the  lower  formations.  These  are  actually  exposed 
only  on  the  south  slope  of  Iron  Hill,  facing  California  gulch. 

Long  and  Derry  Ridge. — On  Long  and  Deny  Ridge,  west  of  the  Mike  fault, 
the  underlying  rocks  are  buried  beneath  the  moraines  of  Empire  and  Iowa 
gulches,  and,  as  shown  on  the  general  map,  by  Lake  beds,  so  that  the  indi- 
cations afforded  by  shafts  of  the  position  of  the  outcrops  of  Blue  Limestone 
are  compai-atively  rare.  As  far  as  known,  the  Echo  and  Hoodoo,  at  the  head 
of  Thompson  gulch,  are  the  only  ones  that  have  proved  it,  the  one  at  a 
depth  of  160  feet,  the  other  at  a  depth  of  about  one  hundred  and  ten  feet. 

Josephine  Porphyry. — The  Josephine,  Pine  Tree,  Aurora,  and  other  shafts 
have  developed  a  body  of  porphyry  which  has  been  called  after  the  first- 
named  shaft,  in  which  it  has  been  best  developed.  It  apparently  forms  a 
sheet  between  the  White  Porphyry  and  underlying  Blue  Limestone,  the 
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Pine  Tree  having  reached  it  after  crossing  145  feet  of  White  Porphyry.  It 
is  a  coarse-grained,  gray  rock,  containing  white  and  rather  glassy  feldspars, 
quartz  in  smoky,  rounded  grains,  and  biotite  in  distinct  crystals.  Cavities 
filled  with  white  opaque  calcite  are  frequently  found.  The  gray  color  of 
the  groundmass  is  due  to  numerous  black  specks,  many  of  which  are  ore 
grains  and  others  minute  biotites.  The  feldspars  under  the  microscope  are 
seen  to  be  partly  triclinic,  although  nionoclinic  feldspar  predominates.  Both 
quartz  and  feldspars  contain  inclusions  of  the  groundmass  and  glass  inclu- 
sions. In  the  quartz,  in  one  case,  fluid  inclusions  with  a  moving  bubble 
are  also  observed.  Calcite  is  present  in  considerable  quantity,  both  in  the 
groundmass  and  in  the  feldspars.  In  general,  from  the  microscopical  exam- 
ination alone,  Mr.  Cross  would  have  been  inclined  to  class  this  rock  among 
the  Tertiary  eruptive  rocks.  If  it  be  so,  it  is  probably  not  an  intrusive  sheet, 
as  has  been  assumed,  but  an  irregular  dike.  These  indications  do  not, 
however,  seem  sufficiently  decisive  to  outweigh  those  of  its  field  habit  and 
mode  of  occurrence,  which  ally  it  to  the  later  intrusions  of  porphyry  of  pre- 
Tertiary  age. 

Lake  beds. — Lake  beds  were  found  in  a  prospect  hole  near  the  shaft 
M-41,  were  passed  through  by  the  Pine  Tree  shaft,  and  penetrated  to  a 
depth  of  175  feet  in  the  Continental  shaft  (M-50),  which  was  sunk  in  the 
Iowa  south  moraine.  Several  shafts  and  tunnels  have  been  run  in  this  mo- 
raine and  have  very  probably  penetrated  the  underlying  Lake  beds,  but,  as 
far  as  known,  have  not  reached  rock  in  place  on  the  south  of  Iowa  gulch. 

Iowa  gulch. — On  the  north  bank  a  number  of  shafts  and  tunnels  have 
proved  the  existence  of  outcrops  of  Blue  Limestone  in  the  vicinity  of  the  Nisi 
Prius  workings,  one  of  whose  tunnels  has  followed  the  contact  for  a  distance 
of  700  feet,  disclosing  a  considerable  body  of  contact  vein  material.  The 
Little  Birdie  (N-18)  tunnel  was  driven  200  feet  in  the  moraine  without 
reaching  rock  in  place. 

Dome  Ridge. — On  Dome  Ridge  the  principal  developments  have  been 
made  near  the  outcrops  of  the  Blue  Limestone,  the  few  shafts  in  porphyry 
at  considerable  distance  east  of  this  not  having  been  sunk  to  any  great 
depth.  No  definite  data  are  therefore  obtainable  as  to  the  aggregate  thick- 
ness of  the  White  Porphyry  sheet.  The  principal  workings  are  those  of  the 
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Dome,  Rock,  and  La  Plata  mines,  the  former  of  which  is  an  incline  fol- 
lowing down  the  contact  to  the  east,  and  the  two  latter  tunnels  running  in 
at  or  near  the  contact,  in  a  southerly  direction.  On  the  steep  hillside,  at  the 
mouth  of  the  Rock  tunnel,  stood  once  a  huge  outcrop  of  hard  carbonate, 
from  which  was  obtained  the  first  ore  of  this  character  found  in  the  region. 
A  short  distance  above  the  contact,  on  Dome  Hill,  is  an  intrusive  sheet 
of  Gray  Porphyry,  which,  on  the  western  point  of  the  outcrop,  cuts  up  into 
the  White  Porphyry,  but  in  California  gulch  comes  actually  in  contact  with 
the  limestone,  arid  at  the  La  Plata  mine  cuts  into  it  so  that  a  small  de- 
tached portion  of  the  limestone  is  left  above  this  intrusive  sheet.  It  also 
extends  up  the  south  slope  of  Iron  Hill,  parallel  to  the  contact,  and  only 
separated  from  it  in  places  by  a  thin  sheet  of  green  Lingula  shales,  which 
belong  to  the  Weber  Shale  formation.  At  the  foot  of  the  steep  slope  of 
Iron  Hill,  opposite  the  Rock  mine,  the  Blue  Limestone  is  laid  bare  in  the 
quarry  of  the  Montgomery  claim. 

South  slope  of  iron  Hill. — The  steep  north  slope  of  California  gulch,  from 
here  down  to  the  Iron  fault,  which  crosses  the  gulch  at  the  Garden  City 
mine,  presents  actual  outcrops  of  the  lower  Paleozoic  formations,  the  Blue 
Limestone,  Parting  Quartzite,  White  Limestone,  and  Lower  Quartzite, 
together  with  an  intrusive  sheet  of  Gray  or  Mottled  Porphyry  near  the 
bottom  of  the  Blue  Limestone.  In  point  of  fact,  these  outcrops  are  covered 
by  from  six  to  ten  feet  of  slide  material,  but  are  readily  seen  in  the  numer- 
ous prospect  holes  which  dot  the  side  of  the  hill.  The  dip  of  the  limestone, 
as  shown  by  the  various  inclines  on  Iron  Hill,  varies  from  12°  to  25°,  while 
its  strike  is  more  nearly  north  and  south  than  the  average  strike  of  the  sedi- 
mentary beds  throughout  the  region.  In  the  Iron  mine  itself  the  dip  shal- 
lows as  it  is  followed  into  the  hill,  and  becomes,  beyond  the  Tucson  shaft, 
nearly  horizontal ;  while  in  the  Horseshoe  shaft,  at  the  head  of  Nugget 
gulch,  which  has  reached  the  contact  at  a  depth  of  482  feet,  the  limestone 
is  said  to  have  dipped  8°  to  10°  to  the  southwest,  showing  a  tendency  to  a 
synclinal  structure  in  this  block  of  ground,  which  is  still  more  marked  in 
the  block  next  west.  The  Colonel  Sellers  shaft  and  drill-hole,  south  of  this, 
near  the  mouth  of  Nugget  gulch,  had  not  yet  reached  the  contact. 
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North  iron  Hill. — From  the  Codfish  Balls  shaft  northward  to  Stray  Horse 
gulch  the  line  of  the  Iron  fault  is  somewhat  indefinite,  the  miners  who 
sunk  the  few  shafts  not  having  found  any  valuable  ore  bodies  at  the  con- 
tact and  having  confounded  the  limestone,  which  is  here  bleached  quite 
white,  with  the  overlying  porphyry.  In  the  angle  between  the  Iron  fault 
and  the  Adelaide  cross-fault,  as  shown  by  the  workings  of  the  Argentine 
and  Adelaide  mines,  the  formation  dips  to  the  southeast,  so  that  successive 
outcrops  of  White  Limestone  and  Lower  Quartzite  are  brought  to  the  surface. 
The  structure  at  this  point,  which  will  be  explained  in  detail  in  Part  II, 
Chapter  II,  is  still  further  complicated  by  the  intrusion  of  minor  sheets  of 
Gray  and  White  Porphyry,  which  have  split  up  the  Silurian  formation,  and 
by  the  crossing  of  the  main  sheet  of  White  Porphyry  down  to  the  horizon 
of  the  Parting  Quartzite  across  the  basset  edges  of  the  Blue  Limestone. 
The  principal  mineralization  has  here  taken  place  at  the  contact  of  this 
White  Porphyry  with  the  Parting  Quartzite,  instead  of,  as  in  other  cases, 
on  the  surface  of  or  in  the  Blue  Limestone. 

AREA   BETWEEN   IRON-DOME   AND   CARBONATE   FAULTS. 

Carbonate  fault. — Carbonate  fault  has  a  general  direction  a  little  more  (o 
the  east  of  north  than  Iron  fault.  Its  upthrow  is  likewise  to  the  eastward, 
and  the  displacement  has  a  probable  maximum  in  the  bed  of  California 
gulch,  where  Silurian  beds  are  proved  by  shaft  developments  to  come 
in  contact  with  White  Porphyry.  On  the  southern  slope  of  Carbonate 
Hill  its  plane  is  actually  proved  in  the  shafts  of  the  JEtna  and  Yankee 
Doodle  mines.  Here  its  movement  is  only  about  two  hundred  feet;  but  a 
second  fault  is  found  crossing  the  Glass-Pendery  claim,  the  amount  of 
whose  movement,  which  is  also  an  upthrow  to  the  east,  is  not  known,  since 
the  contact  has  not  been  reached  on  its  west  side.  This  fault  apparently 
joins  the  Carbonate  fault  before  reaching  California  gulch.  Northward  the 
movement  of  the  Carbonate  fault  gradually  decreases  and  is  partially  dis- 
tributed among  some  smaller  faults  and  folds.  In  this  portion  its  actual 
plane  has  not  been  proved;  and  it  is  very  possible  that  it  does  not  extend 
as  a  continuous  fault  as  far  as  indicated  on  the  map.  Indeed,  in  the 
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Waterloo  claim  its  continuation  shows  a  slight  upthrow  to  the  west,  so  that 
at  some  point  south  of  that  its  movement  must  be  null. 

South  of  California  guich. — Of  the  actual  rock  surface  of  the  southern  portion 
of  this  area,  which  is  deeply  buried  beneath  thick  deposits  of  Lake  beds  and 
the  superincumbent  moraines  of  the  Iowa  glacier,  nothing  is  as  yet  definitely 
known.  The  outlines  as  given  on  the  map  must  therefore  be  regarded  as 
theoretical  deductions  from  the  structure  of  the  adjoining  regions  developed 
by  actual  explorations.  That  a  synclinal  fold  exists  here  is  well  proved, 
and  the  probable  slope  of  the  rock  surface  beneath  the  Lake  beds  would  cut 
off  the  successive  sedimentary  formations  approximately  along  the  lines 
represented  on  the  map. 

In  Iowa  gulch  the  few  prospect  shafts  were  still  in  surface  material. 
The  Black  Cat  shaft,  on  the  ridge  north  of  the  gulch,  had  been  sunk  530 
feet  through  moraine  material  and  underlying  Lake  beds. 

In  Georgia  gulch  the  developments  of  the  Coon  Valley  shaft,  where  a 
drill  was  supposed  to  have  reached  contact  at  575  feet,  show  a  thickness  of 
200  feet  of  Wash,  375  feet  of  Lake  beds,  and  75  feet  of  White  Porphyry, 
with  the  contact  not  yet  reached  at  650  feet.  The  Resumption  shaft,  near 
this,  found  the  same  thicknesses  of  Wash  and  Lake  beds,  but  had  not  reached 
the  porphyry.  In  the  Zulu  King  (N-24)  and  Commercial  Drummer 
(U-l),  northwest  of  this,  near  the  top  of  the  ridge  overlooking  California 
gulch,  White  Porphyry  was  found  at  comparatively  shallow  depth  im- 
mediately under  the  Wash,  showing  that  beneath  Georgia  gulch  a  bay  once 
existed  in  the  original  Arkansas  lake. 

Proof  of  synclinal  fold. — The  intrusive  body  of  Gray  Porphyry  between 
White  Porphyry  and  Blue  Limestone  comes  to  the  surface  on  the  banks  of 
Iowa  and  California  gulches,  adjoining  Dome  fault  on  the  west,  thus  proving 
a  westward  dip  in  the  underlying  formations ;  in  other  words,  that  they 
basin  up  to  the  eastward  and  that  the  Dome  fault  runs  along  or  near  the 
axis  of  a  shallow  anticlinal  fold.  It  has  been  reached  after  passing  through 
White  Porphyry  on  the  California  gulch  side  by  the  Bank  of  France  shaft, 
in  the  angle  of  the  Dome  and  California  faults  ;  by  the  City  Bank  and  Oro 
City  shafts,  higher  up  the  slope ;  and  by  the  Vining  (N-19),  near  the  fault 
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on  the  crest  of  the  ridge,  which  reached  it  after  passing  through  the  over- 
lying White  Porphyry.1 

Emmet  fault. — The  Robert  Emmet  tunnel  (O-45)  starts  in  near  the 
contact  of  -Gray  Porphyry  and  overlying  White  Porphyry.  A  winze  was 
sunk  in  the  tunnel,  from  which  a  drift  to  the  west  has  cut  the  Emmet  fault, 
a  short  cross-fault,  by  whose  movement  a  little  triangular  block  of  ground 
is  lifted  up  on  the  westward.  Parallel  with  this  fault  is  a  slight  anticlinal 
fold,  along  the  axis  of  which  the  Columbia  tunnel  runs  in  on  the  contact 
and  finds  the  formation  dipping  away  to  the  right  and  left,  but  more  steeply 
to  the  westward.  The  Blue  Limestone  is  found  in  actual  rock  outcrop  on 
the  bank  of  the  gulch  below  this.  The  Crescentia  shaft,  a  little  west  of  the 
Columbia,  had  reached  the  Gray  Porphyry  under  the  White  Porphyry  at  a 
depth  of  335  feet.  It  is  probable  that  this  body  of  Gray  Porphyry  thins 
out  to  the  west  of  this. 

As  to  the-exact  line  of  the  continuation  of  the  Iron  fault  on  the  south 
side  of  the  gulch,  if  it  extends  so  far,  no  data  have  yet  been  obtained,  nor 
can  it  be  definitely  stated  whether  Crescentia  shaft  is  to  the  east  or  to  the 
west  of  this  line.  The  dip  of  the  formation  west  of  the  Columbia  tunnel 
is  steep  enough  to  account  for  the  contact  not  yet  having  been  reached  in 
this  shaft  at  a  depth  of  335  feet.2 

Graham  Park.  —  On  the  steep  west  slope  of  Iron  Hill  toward  Graham  gulch 
the  White  Porphyry  is  probably  at  its  thickest  in  this  area.  The  Blind 
Tom  shaft  has  been  sunk  in  it  to  a  very  considerable  depth,  though  the 
exact  depth  could  not  be  ascertained.  The  City  of  Paris  shaft  and  bore- 
hole are  said  to  have  passed  through  200  feet  of  Lake  beds  and  GOO  feet  of 
White  Porphyry  below  them.  Other  shafts  on  the  Carbonate  Hill  side  have 
reached  depths  of  500  feet  and  are  still  in  the  porphyry.  The  Devlin  shaft, 
however,  on  the  northwest  slope  of  Iron  Hill,  reached  the  contact  at  200  feet 
and  the  Highland  Mary  (P-52)  found  it  at  175  feet.  These  facts  furnish 
a  direct  evidence  of  what  might  have  been  assumed  by  analogy,  that  the 

1  Since  the  close  of  field-work  contact  has  been  reached  in  the  Viuing  at  317  feet  and  in  the  Little 
Rosie  at  375  feet,  in  the  latter  of  which  the  formation  is  said  to  dip  30°  to  the  southwest,  thus  con- 
firming the  deductions  made  from  the  relations  of  the  two  porphyry  bodies. 

*  Since  the  close  of  field-work  a  westerly-dipping  contact  is  said  to  have  been  reached  by  a  drift 
east  from  the  bottom  of  the  Crescentia  shaft,  at  a  distance  ofSOO  feet. 
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synclinal  structure  of  Little  Stray  Horse  Park,  which  is  on  the  direct  north- 
ern continuation  of  this  block,  continues  in  modified  form  to  the  southward. 
It  is  very  probable,  therefore,  that  the  contact  rises  to  the  eastward  before 
reaching  the  Iron  fault  along  its  entire  extent,  though  it  is  impossible  to  say 
at  what  angle.  In  the  Agassiz,  Greenback  (0—53),  and  adjoining  shafts  a 
sheet  of  vein  material  of  relatively  small  thickness  is  found  dipping  to  the 
northeast,  with  White  Porphyry  on  either  side.  This  represents  a  portion 
of  the  Blue  Limestone  which  has  been  split  off  from  the  main  body  by  the 
cutting  down  of  the  White  Porphyry ;  that  is,  the  lower  sheet  of  White  Por- 
phyry here  crosses  the  Blue  Limestone  formation  at  a  low  angle,  leaving 
wedge-shaped  portions  of  the  latter  above  and  below  it  overlapping  each 
other.  The  folding  of  the  Little  Stray  Horse  syncline  and  subsequent 
erosion  have  produced  a  curved  line  of  outcrop,  approximately  as  given 
on  the  map.  The  thin  streak  of  blue  on  the  south  side  of  Stray  Horse 
gulch  represents  a  thin  sheet  split  off  from  the  main  body  of  Blue  Lime- 
stone, which  to  the  northward  thickens  so  as  to  include  the  whole  of  this 
body  on  Fryer  and  Yankee  Hills ;  while  here  the  bulk  of  the  Blue  Lime- 
stone is  separated  from  this  thin  sheet  by  a  great  thickness  of  White  Por- 
phyry, probably  not  less  than  600  to  800  feet. 

The  Greenback  shaft,  after  passing  through  Wash  and  Lake  beds  and 
10  feet  of  White  Porphyry,  found  vein  material  and  limestone  in  a  thick- 
ness of  .r>5  feet.  The  Mahala  (T-2)  passed  through  145  feet  of  overly- 
ing White  Porphyry,  10  feet  of  vein  material,  and  105  feet  of  underlying 
White  Porphyry.  The  Agassiz  passed  through  40  feet  of  overlying  White 
Porphyry,  5  feet  of  shales,  and  30  feet  of  vein  material.  The  Gone- 
Abroad  (T-4)  also  found  vein  material,  after  passing  through  White  Por- 
phyry, at  a  depth  of  about  seventy-five  feet.  The  Robert  Emmet  shaft 
(S-3),  after  passing  through  210  feet  of  Wash  and  White  Porphyry,  cut 
50  feet  of  vein  material  and  passed  again  into  White  Porphyry,  showing  a 
considerable  thickening  in  the  body  of  vein  ^material  to  the  northward.  An 
actual  outcrop  of  this  body  of  iron  is  found  on  the  south  side  of  Stray 
Horse  gulch,  near  the  Robert  Emmet  tunnel  (S-l  3).  The  Wolfe  Tone  shaft 
(T-5),  which  is  about  five  hundred  feet  west  of  the  Agassiz,  has  beeu 
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sunk  to  a  depth  of  over  five  hundred  feet  in  the  White  Porphyry,  which  is 
here  underlying  the  Agassiz  deposit,  but  without  reaching  the  lower  Blue 
Limestone.1 

California  gulch.  —  On  the  west  side  of  the  area  under  consideration  rock  in 
place  has  not  been  fovind  south  of  California  gulch,  except  in  the  Swamp 
Angel  and  Jordan  (T-14)  tunnels  on  its  south  bank,  which  have  been  run 
for  some  400  feet  southward  on  the  contact.  The  Deadbroke  (T-16)  and 
Rosebud  (T-18)  have  also  developed  the  contact  on  the  north  side  of  the 
gulch,  and  the  J.  Harlan  shaft  has  been  sunk  through  Blue  Limestone  into 
an  underlying  sheet  of  Gray  or  Mottled  Porphyry.  Higher  up  the  gulch 
the  Last  Rose  of  Summer  and  some  adjoining  shafts  struck  slates  and  sand- 
stones belonging  to  the  Weber  Shale  formation,  which  belong  to  a  portion 
of  the  formation  included  in  the  White  Porphyry.  The  Prospect  incline, 
starting  in  at  an  angle  of  23°  in  the  White  Porphyry,  reached  the  contact, 
whose  angle  is  somewhat  shallower  (averaging  from  12°  to  20°),  and  followed 
it  in  for  a  distance  of  over  five  hundred  feet.  At  375  feet  from  the  mouth 
was  a  sharp  fold,  possibly  accompanied  by  some  displacement,  in  which  the 
contact  went  down  almost  perpendicularl}r  for  about  one  hundred  and 
twenty-five  feet,  and  was  found  again  in  its  normal  position  at  a  distance  of 
14  feet  beyond  in  the  regular  course  of  the  incline. 

The  White  Limestone  is  opened  in  a  quarry  adjoining  the  road  on  the 
north  side  of  California  gulch,  directly  below  the  Prospect  incline.  This  is 
the  only  point  where  the  White  Limestone  is  found  actually  visible  on  the 
surface  in  the  immediate  vicinity  of  Leadville.  The  O'Donovan  Rossa  shaft 
is  also  in  White  Limestone,  while  the  Irish  Giant,  above  it,  is  sunk  through 
the  same  sheet  of  Mottled  Porphyry  shown  in  the  J.  Harlan,  into  the  under- 
lying half  of  the  Blue  Limestone.  The  shaft  (T-46)  is  also  in  White 
Limestone,  while  the  adjoining  Blind  Tom  shaft  is  in  White  Porphyry  on 
the  west  side  of  the  fault.  A  second  intrusive  body  of  Gray  or  Mottled 
Porphyry  in  the  White  Limestone  itself  is  proved  by  some  small  shafts  in 
California  gulch  not  indicated  on  the  map,  which  also  show  the  cropping  of 

1  Since  the  close  of  field-work  the  Wolfe  Tone  shaft  has  reached  vein  material  and  limestone  at  a 
depth  of  625  feet,  and  after  passing  through- it  struck  another  body  of  porphyry,  whether  belonging  to 
the  underlying  intrusive  sheet  of  Gray  Porphyry  or  White  Porphyry  is  not  known.  It  is  probably  the 
former. 
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the  upper  portion  of  the  Lower  Quartzite  adjoining  the  fault.  A  shaft  still 
lower  down,  opposite  the  sampling  works  on  the  edge  of  the  creek  bed,  is 
sunk  several  hundred  feet  in  White  Porphyry. 

carbonate  Hiii. — The  area  east  of  Carbonate  fault,  included  in  the  Car- 
bonate Hill  map,  will  be  treated  in  detail  in  Part  II,  Chapter  III,  and  only  the 
general  features  need  here  be  mentioned.  The  strike  of  the  Blue  Lime- 
stone is  nearly  north  and  south,  bending  somewhat  to  the  eastward  toward 
the  northern  end  of  the  hill.  Its  dip  may  be  taken  at  an  average  of  21°, 
but  is  found  locally  to  vary  very  considerably  on  account  of  a  series  of 
longitudinal  waves  or  folds  in  the  formation.  The  sheet  of  Gray  or  Mottled 
Porphyry  within  the  Blue  Limestone  is  very  persistent,  and  is  evidently  a 
later  intrusion.  From  data  obtained  from  the  few  points  at  which  it  has 
been  proved  by  underground  workings,  it  is  evident  that  it  is  not  confined 
to  any  particular  horizon,  but  locally  cuts  across  the  beds,  sometimes  at  a 
considerable  angle.  It  is  best  shown  in  the  Evening  Star  mine,  where  it 
seems  to  be  at  the  base  of  the  Blue  Limestone.  What  is  apparently  an 
offshoot  from  it  is  found  at  the  contact  in  the  Morning  Star  mine  and  extend- 
ing up  into  the  overlying  White  Porphyry,  while  west  of  the  line  of  the 
fault  in  the  Forsaken  and  Henriett  mines  the  main  sheet  is  found  cutting 
across  the  Blue  Limestone,  and  the  principal  mineralization  has  taken  place 
between  it  and  the  portion  of  the  Blue  Limestone  which  underlies  it. 

Of  the  country  underlying  Stray  Horse  gulch,  Stray  Horse  Ridge,  and 
Little  Stray  Horse  gulch  the  structural  data  obtained  from  explorations  are 
somewhat  unsatisfactory;  but  on  Fryer  Hill  the  continuation  of  Carbonate 
fault  is  found  to  be  a  gentle  anticlinal  fold  whose  axis  runs  in  a  northeast- 
erly direction  through  the  Dunkin  ground. 

Little  stray  Horse  synciine. — Between  Yankee  Hill  and  the  crest  of  Fryer 
Hill,  through  which  also  runs  a  general  anticlinal  fold,  is  included  a  basin 
or  synclinal  fold  in  the  formation,  whose  deepest  portion  underlies  Little 
Stray  Horse  Park.  The  surface  rock  in  the  center  of  this  basin  is  the  main 
sheet  of  Gray  Porphyry,  which  is  separated  from  the  underlying  Blue  Lime- 
stone by  a  comparatively  thin  sheet  of  White  Porphyry.  The  angle  of  dip 
of  the  beds  follows  the  general  rule  which  prevails  in  the  folds  in  this  region 
and  is  steeper  on  the  east  side  of  this  synciine  than  on  the  west. 
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Eastern  rim. — The  Blue  Limestone,  which  is  largely  replaced  by  vein 
material,  comes  to  the  surface  on  the  eastern  rim  of  the  basin  along  the 
foot  of  the  steeper  slope  of  Yankee  Hill.  It  is  found  directly  under  the 
Wash  in  the  Cordelia  Edmonston  and  adjoining  shafts.  The  Birdie  Tribble 
(P-42),  at  the  very  edge  of  the  basin,  found  five  feet  of  porphyry  above 
the  vein  material  and  limestone.  In  the  shafts  of  the  Kennebec  (P— 55) 
both  Gray  and  White  Porphyry  are  passed  through  before  reaching  the 
limestone,  and  a  sheet  of  porphyry  six  feet  thick  was  also  cut  in  the  body 
of  the  limestone.  The  Chieftain  tunnel  and  incline  run  in  a  southeasterly 
direction  360  feet  through  vein  material  and  limestone,  finding  the  Iron 
fault  with  granite  on  its  farther  side  at  the  end.  The  limestone  here  shows 
the  effects  of  a  movement  against  the  fault  plane,  being  compressed  into  short 
sharp  folds  and  much  metamorphosed.  There  is  a  general  tendency,  how- 
ever, to  dip  to  the  northwest;  and  it  is  probable  that  the  extremity  of  the 
incline  is  in  the  White  Limestone,  although  lithological  indications  are  here 
extremely  deceptive,  owing  to  the  alteration  to  which  the  rocks  have  been 
subjected.  The  Scooper  shaft  (P-44),  a  little  to  the  south  of  the  Chieftain, 
passed  through  20  feet  of  Gray  Porphyry  and  5  feet  of  White  Porphyry 
before  reaching  the  Blue  Limestone.  The  contact  here  stands  so  nearly 
vertical  that  it  was  supposed  by  the  superintendent  to  be  a  fault.  This 
supposition  was  rendered  more  probable  by  the  fact  that  the  line  of  this 
contact  runs  in  a  southeasterly  direction.  It  is  probably,  however,  only  an 
exceptionally  steep  dip  on  this  side  of  the  basin.  South  of  this  the  Del 
Monte  (P-45)  shaft  is  in  Gray  Porphyry.  The  Hard  Cash  (P-46)  shaft 
is  in  vein  material.  The  I^airplay  (P— 34)  is  still  in  White  Porphyry,  below 
the  Blue  Limestone.  The  upper  White  Porphyry,  so  thin  in  the  Scooper, 
disappears  entirely  a  little  farther  south,  being  altogether  wanting  in  the 
Rarus  shaft  (P-61);  or,  as  it  might  be  considered,  it  is  found  entirely 
below  the  upper  sheet  of  Blue  Limestone. 

The  fact  that  the  Blue  Limestone  is  split  into  two  sheets  by  the  White 
Porphyry  is  shown  in  the  shafts  east  of  the  Rarus  in  Stray  Horse  gulch. 
The  Indiana  shaft  (P-53)  finds  the  limestone  directly  under  the  Wash. 
East  of  this  the  Young  Caribou  (P-59)  finds  White  Porphyry  under  the 
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Wash;  and  the  Highland  Mary  (P-52)  and  Snowstorm  (P-50),  after  pass- 
ing through  White  Porphyry,  reach  the  lower  sheet  of  Blue  Limestone  be- 
neath it. 

Center  of  basin. — Towards  the  center  of  the  basin  a  number  of  shafts  have 
been  sunk  to  a  considerable  depth  in  the  overlying  Gray  Porphyry,  and 
generally  find  sandstones  or  black  carbonaceous  shales  at  its  contact  with 
the  overlying  White  Porphyry,  but  none  have  as  yet  reached  the  Blue 
Limestone.  The  greatest  depths  obtained  have  been  in  the  Little  Miami 
(P-58),  which  went  through  269  feet  of  Gray  Porphyry  and  30  feet  of 
White  Porphyry,  having  a  total  depth  of  396  feet;  the  Indiana  (P-64) 
shaft,  230  feet  of  Gray  Porphyry  in  a  total  depth  of  330  feet;  the  El  Pasor 
325  feet  of  Gray  Porphyry,  having  a  total  depth  of  470  feet,  and  the 
Lickscumdidrix  bore-hole  (P-68),  which  went  through  400  feet  of  Gray 
Porphyry  without  reaching  the  White  Porphyry.  The  deepest  portion  of 
the  basin  is  probably  somewhere  near  the  latter. 

Western  rim.  —  On  the  western  rim  of  the  basin  contact  has  been  reached 
in  the  shafts  of  the  Denver  City,  Tip -top,  and  Little  Sliver  mines,  in  which 
a  varying  thickness  of  black  shale  and  sandstone,  belonging  to  the  Weber 
Shale  group,  has  been  found  at  the  contact  of  Gray  and  White  Porphyry. 
The  Bangkok  (P-77)  has  penetrated  the  Gray  Porphyry  to  the  underlying- 
White  Porphyry,  while  the  Forepaugh  (P-76),  Cora  Bell  (P-78),  and 
Union  Emma  (P-79)  are  still  in  Gray  Porphyry.  The  Hunkidori  shaft, 
in  Little  Stray  Horse  gulch,  at  the  southern  end  of  the  basin,  has  already 
reached  White  Porphyry  under  the  Gray.  The  Denver  City  (P-82), 
Wright  (P-74),  and  Shamus  O'Brien  (P-73)  shafts  found  Gray  Porphyry 
under  180,  157,  and  165  feet  of  Wash,  and  reached  the  Blue  Limestone 
horizon  at  234,  320,  and  362  feet,  respectively,  each  disclosing  about  ten 
feet  of  sandstone  and  shale,  which  carried  as  high  as  22  ounces  of  silver, 
between  Gray  and  White  Porphyries. 

FRYER    HILL. 

As  the  structure  of  Fryer  Hill  will  be  given  in  detail  in  a  later  chapter, 
it  is  only  necessary  here  to  give  a  brief  outline  of  its  structure  as  bearing 
on  that  of  the  surrounding  regions. 
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In  this  area  the  formations  have  a  general  dip  to  the  northeast,  while 
along  an  east  and  west  line  they  partake  of  the  anticlinal  and  synclinal 
structure,  which  is  already  under  discussion.  On  such  a  line,  as  shown 
in  sections  C  and  D,  it  is  seen  that  the  formations  developed  on  Fryer  Hill 
constitute  the  western  rim  of  the  Little  Stray  Horse  basin,  being  at  the 
same  time  compressed  into  a  shallow  anticlinal  and  synclinal  fold.  The  axis 
of  the  anticline  runs  through  the  crest  of  the  hill  in  the  ground  of  the 
Dunkin  mine,  on  a  line  with  the  continuation  of  the  Carbonate  fault.  West 
of  this  is  a  broad,  shallow  synclinal  fold,  which  takes  in  the  ground  of  the 
Little  Chief,  Little  Pittsburgh,  and  Chrysolite  mines,  giving  to  the  outcrop 
of  the  Blue  Limestone,  as  shown  on  the  map,  the  form  of  an  S.  In  the 
western  portion  of  the  Chrysolite  mine  ground,  successively  lower  sheets 
of  the  lower  White  Porphyry,  White  Limestone,  and  Lower  Quartzite 
come  to  the  surface  along  the  crest  of  an  anticlinal  fold,  on  whose  western 
side,  so  far  as  the  meager  data  obtained  show,  these  beds  dip  steeply  under 
the  Wash  and  Lake  beds  which  form  the  rnesa-like  surface  of  North 
Leadville.  The  difficulty  of  reading  the  geological  structure  of  this  area, 
which  in  the  above  brief  statement  seems  simple  enough,  is  enhanced  by 
a  variety  of  causes.  In  the  first  place,  here,  as  in  Little  Stray  Horse 
Park,  there  are  no  outcrops  of  rock  in  place,  the  rock  surface  being  buried 
beneath  about  50  to  100  feet  of  Wash.  The  data  have  therefore  to  be 
entirely  obtained  from  shafts,  and  cannot  be  intelligently  considered  until 
they  have  been  thoroughly  mapped.  Secondly,  the  replacement  action  has 
proceeded  so  far  that  practically  no  limestone  is  left,  its  whole  mass  having 
been  replaced  by  vein  material.  Thirdly,  this  mass  has  been  split  up 
locally  into  two  or  more  distinct  sheets  by  the  intrusion  of  White  Porphyry. 
Fourthly,  the  lower  sheet  of  White  Porphyry  is  cutting  across  the  forma- 
tion; and,  southwest  of  a  line  drawn  diagonally  through  the  corners  of  the 
Fryer  Hill  map,  a  wedge-shaped  portion  of  the  Blue  Limestone  is  left  below 
this  sheet.  Fifthly,  there  are  later  intrusions  of  Gray  Porphyry  extremely 
difficult  to  trace,  as  in  their  decomposed  state  they  are  scarcely  distinguish- 
able from  the  White  Porphyry.  An  interrupted  dike  of  this  rock  runs 
through  the  middle  of  the  area  in  an  east  and  west  direction;  and  an  intru- 
sive sheet  cuts  diagonally  across  the  White  Limestone  up  into  the  lower 
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sheet  of  White  Porphyry,  and  on  the  north  slope  of  Carbonate  Hill  into  the 
Blue  Limestone.  This  Gray  Porphyry  is  exposed  in  the  Vulture  No.  2 
workings  of  the  Chrysolite  mine,  in  the  No.  5  shaft  and  drifts  connecting  it 
with  No.  1  of  the  New  Discovery  mine,  and  on  Carbonate  Hill  in  the  lower 
workings  of  the  Waterloo  and  Henriett  claims.  The  porphyry  dike  is  seen 
in  the  workings  of  the  Chrysolite,  Little  Chief,  Little  Pittsburgh,  Amie,  Big 
Pittsburgh,  Hibernia,  and  Lee  mines.  The  White  Limestone  has  been 
reached  in  the  Amie  No.  2  shaft,  New  Discovery  No.  6,  and  found  at  the 
surface  under  the  Wash  in  the  shafts  of  the  Fairview,  All  Right,  and  Kit 
Carson,  and  in  the  Chrysolite  No.  6  (S-51),  while  the  Lida  shaft  (S-52), 
near  Gumming  &  Finn's  smelter,  and  the  Little  Eva  (S— 53)  reach  the 
Lower  Quartzite  below  the  Wash,  the  former  finding  a  small  body  of  White 
Porphyry  included  in  it. 

PROSPECT  MOUNTAIN. 

North  of  Evans  gulch  the  geological  structure,  although  probably  more 
simple,  is  more  difficult  to  read,  owing  to  the  thickness  of  loose  detrital  mate- 
rial above  the  rock  surface  and  the  relatively  small  amount  of  underground 
exploration.  The  North  Evans  moraine  covers  an  area,  widening  towards 
its  lower  end,  which  but  few  miners  have  been  enterprising  enough  to  pen- 
etrate to  the  rock  surface  beneath,  while  on  Prospect  Mountain  itself  the 
Weber  formations  and  the  various  porphyry  bodies,  of  which  it  is  mainly  com- 
posed, present  but  few  definitely  distinctive  characters  by  which  to  guide 
the  geologist.  In  this  region  faulting  action  has  apparently  entirely  ceased, 
and  the  structure  is  that  of  a  somewhat  irregular  system  of  anticlinal  and 
synclinal  folds,  whose  axes  run  in  such  varying  directions  that  it  is  difficult 
to  deduce  from  them  a  satisfactory  system.  Sections  A  and  B,  Atlas  Sheets 
XV  and  XVI,  which  run  east  and  west,  and  Sections  M  and  N,  Atlas  Sheet 
XXII,  which  run  north  and  south,  give  a  graphic  delineation  of  the  system 
of  folds  at  right  angles  to  either. 

crest  of  the  ridge. — To  the  north  and  east  the  White  Porphyry  gradually 
thins  out  and  the  Gray  Porphyry  comes  in  contact  with  the  Blue  Lime- 
stone, while  above  this  a  sheet  of  Mount  Zion  Porphyry  rapidly  thickens 
and  reaches  its  maximum  on  the  north  side  of  the  Prospect  Mountain,  facing 
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the  East  Arkansas  Valley.  West  of  the  summit  of  Prospect  Mountain  the 
structure  is  that  of  a  broad  anticlinal  and  synclinal  fold.  On  this  line,  by 
a  deeper  erosion  at  the  head  of  the  north  fork  of  Little  Evans,  the  body  of 
Mount  Zion  Porphyry  has  been  exposed,  to  be  covered  again  farther  west 
by  portions  of  the  Weber  Shales  arid  Weber  Grits  which  have  escaped 
erosion  on  the  top  of  Canterbury  Hill,  while  at  the  foot  of  the  steep  slope* 
in  the  valley  of  the  east  fork  of  the  Arkansas  the  Blue  Limestone  comes  to- 
the  surface  beneath  the  overlying  Gray  and  White  Porphyries.  The  Weber 
Shales,  which  are  brought  to  the  surface  by  erosion,  on  the  east  side  of 
the  Mount  Zion  Porphyry,  are  shown  in  the  Esmeralda,  Spotted  Tail 
(1-2),  Little  Maud  (1-3),  and  Peru  (1-5).  The  Thin  Space  (1-6)  shaft 
penetrated  them  to  the  underlying  Mount  Zion  Porphyry,  and  the  Texas 
Ranger  and  Texas  Boy's  Chance,  together  with  the  intervening  shafts,  are 
in  the  outcrop  of  Mount  Zion  Porphyry,  which  is  traced  as  far  west  as- 
the  Liberator. 

Southern  slope. —  Along  the  foot  of  the  steep  southern  slope  of  the  mountain 
runs  an  anticlinal  fold  with  an  east-and-west  axis,  whose  culminating  point, 
as  shown  in  Section  N,  is  at  the  forks  of  Little  Evans  gulch.  Between  this 
and  the  top  of  the  ridge  is  a  shallow  syncline,  along  whose  axis  a  portion 
of  the  Weber  Grits  is  left  above  the  Weber  Shales.  The  Gray  Porphyry 
underlying  the  Weber  Shales  on  the  west  side  of  this  syncline  is  developed 
by  the  Brick  Top,  Bosco,  Moose,  and  neighboring  shafts.  Towards  the 
north  fork  of  Little  Evans  the  Hecla  and  Mountain  Lion  shafts  and  the 
Boettcher  (Q-20)  and  adjoining  (Q-19)  tunnels  are  in  the  Weber  Shales; 
the  Geneva  Lake  (Q-3),  Mary  Ella  (Q-4),  Katie  Sullivan  (Q-ll),  and 
Buncombe  (Q-13)  in  the  underlying  Gray  Porphyry. 

On  Canterbury  Hill  the  Garland  (Q-33),  Little  Willie  (Q-49),  and 
adjoining  shafts  are  also  in  the  Weber  Shales,  on  the  south  side  of  the  syn- 
cline ;  likewise  the  Maryland,  which  develops  the  commencement  of  the 
body  of  Mount  Zion  Porphyry,  here  only  five  feet  in  thickness  The 
Resumption  (Q-60)  shaft  is  in  the  Weber  Grits,  in  the  middle  cf  the  syn- 
cline. The  Cardinal  (Q-39)  shaft  finds  a  thin  detached  body  of  Weber 
Shales  between  Gray  and  White  Porphyries 
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The  Great  Prince  and  Minneapolis,  on  the  north  side  of  the  syncline, 
develop  the  Mount  Zion  Porphyry  under  the  Weber  Shales,  of  which  in  the 
latter  shaft  a  bed  30  feet  thick  seems  to  be  included  within  the  body  of 
Mount  Zion  Porphyry  Between  the  Princeton  (Q-52)  and  Little  Blonde 
tunnels  and  the  St.  Louis  shaft  the  data  furnished  by  intervening  shafts  show 
the.  existence  of  a  second  minor  syncline.  The  St.  Louis  reaches  the  lime- 
stone after  passing  through  45  feet  of  Gray  Porphyry  and  30  feet  of  White 
Porphyry.  The  Mary  Ann  shafts  (Q-51  and  Q-56)  find  White  Porphyry 
at  the  surface  on  the  crest  of  a  minor  anticline.  The  shafts  Q-45  and 
Q-46  are  in  Gray  Porphyry  at  the  surface,  while  the  Little  Blonde  arid 
Princeton  tunnels  develop  a  considerable  body  of  iron-stained  chert,  re- 
placing the  Blue  Limestone  and  dipping  to  the  north  under  the  White 
Porphyry. 

Little  Evans  anticline. — Immediately  below  these  two  tunnels  is  the  apex 
of  the  Little  Evans  anticline,  whose  main  axis  runs  east  and  west.  It  is 
also  connected  with  the  Yankee  Hill  anticline  by  a  fold  running  south- 
easterly and  with  the  Big  Evans  anticline  by  one  running  southwesterly, 
between  which  is  included  the  northern  extension  of  the  Little  Stray  Horse 
syncline.  The  lowest  formation  exposed  on  the  crest  of  the  Little  Evans  anti- 
cline is  the  Lower  Quartzite,  which  is  found  below  the  Wash  in  the  Luck- 
now  shaft  (Q-54).  The  Norcom  (Q-55)  shaft,  a  little  north,  finds  the 
White  Limestone  dipping  northward,  and  the  Little  Clara  (Q-63),  south  of 
this,  penetrates  the  White  Limestone  to  the  underlying  quartzite.  A  little; 
northwest  of  this  the  Lac-la-Belle  finds  Blue  Limestone  beneath  the  Wash, 

The  axis  of  the  east  and  west  fold, 'which  sinks  to  the  eastward,  can 
be  traced  in  a  line  of  shafts  from  the  Lucknow  to  the  Uncle  Sam.  The 
Catawba  tunnel  (Q-41)  runs  in  on  the  Blue  Limestone  just  above  the  Part- 
ing Quartzite.  The  Carbonate  No.  2  (Q-37)  shaft  is  sunk  through  a  body 
of  Gray  Porphyry,  which  is  included  in  the  Blue  Limestone,  into  the  Blue 
Limestone  below,  at  a  depth  of  140  feet.  The  Swing  tunnel  (Q— 42)  and 
the  Copenhagen  (Q-43)  and  Carbonate  King  (Q-36)  shafts  are  in  the  Blue 
Limestone'on  the  south  side  of  the  fold.  In  the  Hancock  (Q-31)  and  Prov- 
idence (Q-32)  shafts,  on  the  crest  of  the  fold,  Blue  Limestone  dips  with  it 
eastward.  The  Pacific  shaft  (Q-35)  shows  a  southward  dip  in  the  Gray 
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Porphyry  overlying  the  Blue  Limestone.  The  Columbia  shaft,  between 
the  forks  of  Little  Evans,  penetrates  30  feet  of  Gray  Porphyry  and  100  feet 
of  Blue  Limestone  to  the  Parting  Quartzite  beneath.  The  Humboldt  and 
other  shafts  between  the  last  mentioned  and  the  Uncle  Sam  are  all  in  Gray 
Porphyry.  At  the  Uncle  Sam  shaft  the  White  Porphyry  comes  to  the 
surface  in  the  crest  of  the  anticlinal  fold,  whose  axis  here  rises  so  that  for  a 
short  distance  the  porphyry  has  been  eroded  off  it.  The  Uncle  Sam  shaft 
has  been  sunk  for  a  depth  of  420  feet,  passing  through  100  feet  of  White 
Porphyry,  the  underlying  Blue  Limestone,  Parting  Quartzite,  and  White 
Limestone,  and  extends  40  feet  into  the  Lower  Quartzite,  while  the  Uncle 
Sam  tunnel  has  been  run  250  feet  into  the  overlying  Gray  Porphyry,  and 
the  Powhattan  (Q-7)  shaft  adjoining  was  sunk  through  White  Porphyry 
into  the  Blue  Limestone.  The  Powhattan  (Q-9),  Home  (Q-6),  Eaton 
(Q— 10),  and  others  on  the  hill  above  are  in  Gray  Porphyry. 

Yankee  Hiii  anticline. —  Of  the  anticlinal  ridge  connecting  the  Little  Evans 
with  the  Yankee  Hill  anticline,  few  data  have  been  obtained.  The  Little 
Hoosier,  Abe  Lincoln,  and  shafts  P-29  and  P-38  have  penetrated  the 
Wash  to  the  underlying  Gray  Porphyry,  in  which  the  first  named  has  been 
sunk  170  feet,  the  moraine  material  at  this  point  being  120  feet  deep.  The 
shaft  P-39  has  reached  the  Blue  Limestone  beneath  the  Wash,  and  the 
Chicago  Boy  (P-67)  passes  through  the  Parting  Quartzite  into  the  lower 
sheet  of  White  Porphyry.  This  lower  sheet  of  White  Porphyry  has  not 
been  found  north  of  this  point,  and  is  supposed  to  wedge  out. 

Little  stray  Horse  synciine. — In  the  northern  continuation  of  the  Little  Stray 
Horse  synciine  the  Buffalo  shaft  and  drill-hole,  on  the  Evans  moraine  ridge, 
is  said  to  have  reached  a  depth  of  450  feet  and  is  still  in  Gray  Porphyry; 
and  the  shaft  S-10  is  also  in  Gray  Porphyry.  No  other  data  could  be 
obtained  as  to  the  depth  of  this  basin,  so  that  it  can  only  be  said  that  in  its 
center  the  contact  is  probably  500  feet  deep  at  least. 

Big  Evans  anticline. — Of  the  Big  Evans  anticline,  which  is  a  continuation 
to  the  northward  of  that  shown  on  the  west  edge  of  Fryer  Hill,  data  are 
still  more  meager.  The  Argo  (R-5)  shaft  finds  White  Porphyry  beneath 
the  Wash  and  is  sunk  into  the  underlying  Blue  Limestone.  Adjoining  this 
on  the  east  is  the  Douglas  (R-4a)  shaft,  and  on  the  north  the  R-4  shaft, 
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each  in  White  Porphyry  on  either  side  of  what  is  supposed  to  be  the  ridge 
of  Blue  Limestone  connecting  this  anticline  with  South  Evans  anticline. 
The  Third  Term  (S— 44)  bore-hole,  just  across  Evans  gulch  from  the  Gum- 
ming &  Finn  smelter,  passed  through  170  feet  of  Wash -into  the  Lower 
Quartzite,  in  which  it  found  a  small  body  of  White  Porphyry,  supposed  to 
be  the  same  as  that  already  mentioned  as  found  in  the  Lida  (S-52)  shaft, 
on  the  other  side  of  the  anticline.  The  outcrop  of  Archean  indicated  on 
the  map  has  not  been  proved  by  any  shaft,  but  is  simply  a  theoretical  de- 
duction from  the  dip  of  the  beds,  the  rock  surface  being  buried  beneath  one 
to  two  hundred  feet  of  Wash.  On  the  southwest  slope  of  this  anticline  the 
Mystic  and  Silver  Pilot  (R-8)  have  been  sunk  a  short  distance  in  the  over- 
lying Gray  Porphyry.  The  Oolite  (S-57)  shaft  passed  through  100  feet 
of  Gray  Porphyry  and  15  feet  of  White  Porphyry,  reaching  a  considerable 
body  of  vein  material  and  chert,  in  which  were  found  fossils  characteristic 
of  the  Blue  Limestone  horizon.  The  Sequa  shaft  (S-58),  about  eleven 
hundred  feet  west  of  this,  reached  a  depth  of  280  feet,  still  in  Gray  Porphyry, 
showing  that  the  actual  contact  must  be  at  a  still  greater  depth,  and  thus 
proving  the  southwestern  dip  on  this  side  of  the  anticline  and  a  synclinal 
fold  to  the  west. 

AREA  WEST   OF    CARBONATE    AND   FRYER   HILLS. 

General  structure. — From  the  foot  of  Carbonate  and  Fryer  Hills  extends  a 
broad,  flat,  mesa-like  ridge,  sloping  at  a  regular  angle  of  about  two  and  a 
half  degrees  to  the  Arkansas  Valley.  This  even  surface  is  doubtless  con- 
formable with  the  surface  of  the  stratified  Lake  beds  which  underlie  it,  over 
which  rearranged  moraine  material  or  Wash  has  been  spread  out  with  com- 
parative uniformity  by  the  action  of  water.  The  relics  of  the  moraines 
which  were  left  by  the  Big  Evans  glacier  are  found  in  the  ridge  which  ex- 
tends from  the  west  end  of  Fryer  Hill  to  Capitol  Hill ;  also,  in  James  Ridge, 
adjoining  the  mouth  of  Big  Evans  gulch,  and  in  a  smaller  ridge  between 
the  two,  below  North  Leadville.  No  shaft  has  yet  reached  the  rock  sur- 
face beneath  these  recent  accumulations  of  detrital  material.  The  outcrops 
indicated  on  the  map,  and  the  basin  character  of  the  area,  as  shown  in  cross- 
sections,  are  therefore,  in  one  sense,  purely  theoretical.  As  they  have  been 
determined,  however,  after  a  careful  consideration  of  all  the  known  facts 
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and  probabilities,  it  is  well  to  state  somewhat  in  detail  the  grounds  on  which 
the  existence  of  a  synclinal  basin  is  rendered  probable.  The  first  argument 
in  its  favor  is  that  of  analogy,  drawn  from  the  existence  of  a  synclinal  basin 
adjoining  it  on  the  east,  in  Little  Stray  Horse  Park,  which  evidently  con- 
tinues southward  through  the  block  of  ground  between  the  Carbonate  and 
Iron-Dome  faults.  The  facts  to  support  this  argument,  viz,  the  proof  of  an 
actual  dip  towards  the  center  of  the  basin  from  either  side,  are  as  follows : 
Eastern  rim  of  basin. — Fii'st,  a  western  dip  in  the  overlying  beds  on  the 
west  side  of  the  Big  Evans  anticline  is  shown  by  the  developments  of  the 
Oolite  and  Sequa  shafts.  Secondly,  the  Bob  Ingersoll  shaft  and  drill-hole, 
on  the  moraine  ridge  west  of  Fryer  Hill,  in  East  Ninth  street,  after  passing 
through  moraine  material  and  Lake  beds,  are  said  to  have  penetrated  nearly 
three  hundred  feet  of  White  Porphyry.  This  shaft  is  southwest  of  the  line 
where  the  White  Porphyry  cuts  down  below  the  horizon  of  the  Blue  Lime- 
stone. It  is  probable,  therefore,  that  the  porphyry  cut  in  this  shaft  belongs 
to  the  upper  sheet  above  the  Blue  Limestone,  and  the  fact  that  so  great  a 
depth  as  300  feet  has  been  reached  without  finding  contact  indicates  a  very 
steep  dip  to  the  westward.  The  owners  of  the  American  Eagle  shaft,  at 
the  west  base  of  Fairview  Hill,  state  that  the  limestone -in  their  workings, 
which  the  dump  shows  to  be  White  Limestone,  dips  both  eastward  and 
westward,  which  would  show  that  there  is  an  anticlinal  fold  here.1  Third, 
along  the  west  base  of  Carbonate  Hill,  the  Pocahontas  (T-40),  Weldon 
(T-41),  Rough  and  Ready,  and  other  shafts  have  been  sunk  to  a  consider- 
able depth  in  the  White  Porphyry  beneath  the  Wash,  and  the  California 
tunnel  is  also  in  White  Porphyry  until  it  reaches  the  Blue  Limestone 
beyond  the  fault.  This  White  Porphyry  can  be  no  other  than  that  which 
overlies  the  Blue  Limestone,  since  in  this  region  no  considerable  body  of 
White  Porphyry  is  known  to  exist  below  this  horizon;  moreover,  in  the 
Niles- Augusta,  Wild  Cat,  Washbume,  and  other  mines,  as  will  be  explained 
in  the  detailed  chapter  on  Carbonate  Hill,  there  are  indications  of  a  prevailing 
western  dip  to  the  formations  west  of  Carbonate  fault  This  summarizes 
the  evidence  of  westerly  dipping  beds  on  the  east  side  of  the  synclinal  basin. 

1  Since  the  close  of  field-work,  Mr.  E.  N.  Clark,  superintendent  of  the  Chrysolite  mine,  states 
that  the  extreme  west  workings  of  that  mine  show  the  Lower  Quartzitc  and  White  Limestone  to  be 
dipping  to  the  westward. 
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western  dm. — On  the  western  side,  in  the  little  canon  at  the  mouth  of  the 
east  fork  of  the  Arkansas,  adjoining  the  west  end  of  James  Ridge,  the  Lower 
Quartzite  is  exposed  in  considerable  thickness  at  the  surface,  dipping  at  an 
angle  of  8°  to  10°  to  the  southeast,  and  some  workings  to  the  east  of  this, 
along  the  northern  edge  of  James  Ridge,  are  said  to  have  disclosed  the  over- 
lying White  Limestone.  The  Peoria  shaft,  on  James  Ridge  (not  indicated  on 
the  map),  may  be  expected  to  afford  further  data  as  to  the  actual  line  of  out- 
crops of  the  formations  and  what  portion  of  them  have  escaped  erosion, 
when  it  reaches  the  rock  surface.  At  the  time  of  writing  this  shaft  had  a 
depth  of  375  feet  and  was  still  in  the  marl  of  the  Lake  beds. 

From  these  meager  data  and  from  the  probable  thickness  of  Lake  beds 
and  the  angle  cf  dip  of  the  underlying  formations  the  line  of  outcrops  of 
the  western  rim  of  this  basin  have  been  constructed.  While,  therefore,  the 
fact  that  a  synclinal  basin  exists  beneath  this  area  seems  fairly  well  estab- 
lished by  the  evidence  just  given,  there  is  only  a  possibility  that  the  line  of 
outcrops  given  on  the  map  will  be  found  by  future  exploration  to  be 
strictly  correct.  They  are  dependent  on  two  as  yet  unknown  quantities : 
first,  the  angle  of  dip  of  the  formations  on  either  side  of  the  basin,  and, 
secondly,  the  amount  of  erosion  which  had  taken  place  before  the  Lake  beds 
had  been  deposited,  or,  what  amounts  practically  to  the  same  thing,  the 
thickness  of  the  Lake  bed  deposits  which  now  underlie  Leadville. 

EXPLANATION  OF  TRANSVERSE  SECTIONS. 

The  detailed  description  given  above  of  the  geology  of  the  Leadville 
area  can  perhaps  best  be  summarized  in  a  consideration  of  the  various  sec- 
tions which  accompany  the  map,  and  in  which  this  structure  is  graphically 
delineated.  For  its  better  comprehension  the  reader  is  requested  to  place 
these  sections  one  above  the  other  in  the  order  indicated  by  their  letters, 
commencing  at  the  top.  The  first  nine  sections  (A  to  I)  are  on  east  and 
west  lines,  approximately  parallel  with  each  other.  These  sections,  being 
in  general  across  the  strike  and  more  or  less  at  right  angles  to  the  fault 
planes,  show  not  only  the  amount  of  displacement  occasioned  by  these 
faults,  but  the  longitudinal  folds  into  which  strata  have  been  compressed, 
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and  which  are  more  or  less  intimately  connected  with  the  faults.  The 
other  seven  sections  (J  to  P)  run  north  and  south  and  give  the  effects  of 
lateral -pressure.  As  these  are  more  or  less  parallel  to  the  fault  planes, 
they  intersect  the  latter  generally  at  an  acute  angle,  and  the  angle  of  inter- 
section is  often  much  lower  than  the  actual  slope  of  the  fault  plane. 

In  representing  the  slope  of  the  fault  planes,  in  all  cases  where  there 
were  no  data  from  actual  developments  it  has  been  given  as  inclining  toward 
the  hanging-wall  side  at  an  average  angle  of  75°,  and  when  cut  diagonally 
by  the  plane  of  the  section  the  angle  of  intersection  was  calculated  from 
these  premises.  As  all  these  sections  are  carefully  constructed  to  scale  and 
have  a  common  base  line,  which  is  taken  at  9,000  feet  above  sea-level,  they 
represent  with  a  high  degree  of  accuracy  the  surface  of  the  country  and  the 
relative  thickness  of  the  different  sedimentary  bodies,  and  in  less  degree  that 
of  the  porphyry  bodies,  as  far  as  can  be  deduced  from  their  surface  outcrops. 
In  order  to  show  as  far  as  possible  the  data  from  which  these  sections 
have  been  constructed,  the  various  shafts  on  or  in  close  proximity  to  the 
plane  of  each  have  been  indicated  on  the  sections  by  lines  running  below 
the  surface  to  show  the  depth  to  which  their  explorations  have  reached, 
full  lines  indicating  those  on  the  section  plane,  dotted  lines  those  near  it. 
The  relative  frequency  of  these  shafts  is  therefore  an  indication  of  the  com- 
parative accuracy  of  the  different  portions  of  the  section.  It  must,  how- 
ever, be  borne  in  mind  that  the  underground  structure  has  been  arrived  at 
not  solely  by  consideration  of  the  shafts  on  the  actual  line  of  the  section, 
but  also  by  the  consideration  of  the  data  obtained  from  the  exploration  of 
shafts  over  a  comparatively  large  area,  which  afford  grounds  from  which  the 
theoretical  structure  may  be  deduced. 

section  A. —  Section  A  runs  along  Prospect  Mountain  ridge  a  little 
south  of  its' crest  and  crosses  diagonally  the  valley  of  the  east  fork  of  the 
Arkansas  near  its  mouth.  Its  line  lies  entirely  north  of  the  extreme  limits 
to  which  the  movements  of  the  faults  have  been  traced.  Its  structure  lines 
contrast  strongly  with  those  of  the  other  sections  on  account  of  the  broad 
and  regular  curves.  This  contrast  is  probably  greater  than  that  existing 
in  nature  from  the  fact  that  actual  data  from  beneath  the  surface  along  this 
line  are  almost  entirely  wanting,  and  the  underground  outlines  are  simply 
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theoretical  prolongations  of  observed  dips.  The  depth  of  the  Blue  Lime- 
stone horizon  at  the  east  end  of  the  section  is  probably  a  maximum. 
Analogy  renders  it  probable  that  the  eastward  dip  shallows,  and  it  is  pos- 
sible even  that  the  beds  rise  somewhat  towards  the  Mosquito  fault.  This 
remark  applies  equally  to  the  corresponding  points  in  the  next  four  sections. 
The  sheet  of  Sacramento  Porphyry  is  represented  here  between  the  Weber 
Shales  and  Weber  Grits,  the  horizon  at  which  it  occurs  on  the  crest  of  the 
range  east  of  the  Mosquito  fault,  since  it  is  fair  to  suppose  that  the  sheet 
extended  as  far  west  as  indicated  on  the  sections.  The  thickness  of  the 
Mount  Zion  Porphyry  on  the  west  slope  of  Prospect  Mountain  can  only 
be  a  matter  of  conjecture ;  it  is  fair  to  infer  that  it  reaches  at  least  700  feet 
in  its  maximum  development.  The  extension  of  Lake  beds  as  far  north  as 
the  line  of  this  section  in  the  Arkansas  Valley  is  proved  by  excavations  on 
the  north  bank  of  the  stream.  At  the  western  end  of  the  section  the  shore 
line  against  the  Archean  is  shown  in  the  abrupt  termination  of  the  Lower 
Quartzite.  This  would  have  been  more  striking  had  the  section  line  been 
placed  a  little  farther  north,  when  the  White  Limestone  Avould  have  been 
found  to  come  in  actual  contact  with  the  Archean. 

Section  B. — Section  B  follows  in  its  western  course  the  bed  of  Evans 
gulch ;  then,  cutting  across  the  southern  spur  of  Prospect  Mountain  below 
the  Prospect  amphitheater,  follows  approximately  the  line  of  Little  Evans 
gulch,  and,  crossing  the  two  gulches  diagonally  just  above  their  junction,1 
runs  out  on  to  the  mesa  at  the  intersection  of  the  railroad  line  with  Evans 
gulch.  It  thus  shows  portions  of  the  Evans  north  moraine  and,  at  its 
crossing  of  Evans  gulch,  the  supposed  shore-line  of  Arkansas  lake.  The 
eastern  half  of  the  section  shows  practically  the  same  structure  as  Sec- 
tion A,  except  that  the  Weston  fault  comes  in  in  the  axis  of  the  broad 
anticline.  In  its  western  half  it  cuts  across  the  northern  extension  of  the 
Yankee  Hill  and  the  Big  Evans  anticlines,  and  of  the  included  Little  Stray 
Horse  syncline;  and  west  of  this  shows  the  probable  slope  of  the  beds  in 
the  syncline  beneath  the  mesa,  as  proved  by  the  explorations  of  the  Oolite 
and  Sequa  shafts ;  also,  the  White  Porphyry,  cutting  across  the  Blue  Lime- 

1  On  the  section  its  intersection  with  Little  Evans  gulch  is  -wrongly  marked  "  ditch." 
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stone  where  the  northwest  and  southeast  zone  through  Fryer  Hill  would 
intersect  the  section-plane. 

Section  c — Section  C  runs  through  the  crest  of  Little  Ellen  Hill  in  a 
direction  a  little  north  of  west,  crossing  the  South  Evans  anticline  opposite 
the  western  point  of  the  hill;  thence  following  the  south  bank  of  Big  Evans 
gulch  across  the  north  slope  of  Fryer  Hill,  it  passes  through  the  mesa 
just  north  of  the  railroad  station  in  North  Leadville.  It  thus  shows  at  its 
east  end  the  movement  of  the  Mosquito  fault;  and,  between  this  and  the 
mouth  of  South  Evans  gulch,  the  same  regular  easterly  dipping  beds 
seen  on  the  previous  sections,  slightly  displaced  by  the  movement  of  Ball 
Mountain  fault.  On  either  side  of  its  intersection  with  South  Evans 
gulch  the  considerable  accumulation  of  recent  material  (r)  represents  the 
moraine  left  by  the  Evans  glacier.  The  White  Porphyry  above  the  Blue 
Limestone,  which  in  the  preceding  sections  had  thinned  out  near  the  crest 
of  the  fold,  is  now  supposed  to  extend  back  to  the  Mosquito  fault,  but  in  a 
comparatively  thin  sheet;  while  in  the  crest  of  the  South  Evans  anticline 
the  dike  cut  by  the  Silver  Tooth  bore-hole  is  represented  as  the  source  of 
the  White  Porphyry  sheet  immediately  overlying  the  granite.  The  plane 
of  the  section  intersects  that  of  the  Weston  fault  at  its  junction  with  the 
Colorado  Prince  fault,  and,  on  the  theory  of  an  inverted  dip  to  the  latter 
(assumed  from  the  fact  that  granite  overlies  White  Porphyry  in  the  Boulder 
incline),  would  also  intersect  the  plane  of  the  latter  at  the  angle  given  in 
the  section.  Beyond  Weston  fault  the  upward  roll  in  the  beds  at  the 
Great  Hope  mine  is  graphically  shown,  arid  the  syncline  included  between 
this  ridge  and  the  crest  of  Yankee  Hill.  The  section  line  passes  north 
of  the  summit  of  this  hill,  and  beyond  this  point  shows  the  increasing 
thickness  of  the  Wash  or  moraine  material  left  by  the  Evans  glacier.  Its 
intersection  with  the  Iron  fault  is  at  the  northern  extremity  of  that  fault, 
whose  movement  is  deduced,  from  data  furnished  by  the  Little  Stella  and 
J.  B.  Grant  shafts,  on  either  side.  Beyond  this  it  passes  through  the  Little 
Stray  Horse  syncline,  the  anticline  in  the  Dunkin  ground,  and  the  syn- 
cline on  the  north  side  of  Fryer  Hill.  The  relative  thinning  out  of  the 
Blue  Limestone  on  Fryer  Hill,  where  it  is  entirely  replaced  by  vein  ma- 
terial, is  to  be  remarked.  This  replacement,  which  is  shown  by  a  cross- 
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marking,  is  not  indicated  in  the  Blue  Limestone  in  the  basin  of  Little 
Stray  Horse  Park,  not  because  there  is  any  reason  to  suppose  that  it  does 
not  exist  there,  but  simply  because  explorations  have  not  proved  its  exist- 
ence and  in  drawing  sections  the  practice  has  been  established  of  only  in- 
dicating replacement  where  it  has  been  actually  proved.  The  steep  slope 
given  to  the  beds  west  of  Fryer  Hill,  as  they  pass  under  the  western  syn- 
cline,  is  deduced  from  data  obtained  on  the  line  of  the  next  following 
section.  It  will  be  observed  that  the  intersection  of  the  line  along  which 
the  White  Porphyry  cuts  across  the  Blue  Limestone  is  here  farther  -east 
than  in  the  preceding  section,  and  that  the  eastern  extent  of  the  lower 
White  Porphyry  body  is  considerably  greater  is  proved  by  actual  develop- 
ment. 

Section  D. —  Section  D  starts  from  the  same  point  on  the  eastern  edge  of 
the  map  as  the  preceding,  but  follows  a  line  slightly  divergent  from  it,  run- 
ning due  west.  The  planes  of  the  two  sections  are  so  close  together  that 
it  will  be  only  necessary  to  mention  the  points  in  which  the  structure  of 
the  latter  differs.  In  the  South  Evans  anticline  it  shows  the  irregular 
intrusive  sheet  of  porphyry  at  the  base  of  the  Blue  Limestone,  developed 
in  the  Last  Chance  shaft,  and  the  lower  sheet  of  White  Porphyry,  cutting 
up  into  the  Lower  Quartzite  and  splitting  off  a  portion  _of  it,  as  shown  in 
the  Hoosier  Girl  (Gr-44).  The  intersection  with  the  Colorado  Prince  fault 
at  an  acute  angle  renders  the  representation  of  the  western  slope  of  the 
South  Evans  anticline  somewhat  less  simple.  Its  line  passes  through  the 
crest  of  Yankee  Hill,  showing  the  replacement  of  the  Blue  Limestone  in  the 
Greenwood  and  Little  Champion  shafts,  and,  on  the  eastern  rim  of  the  Little 
Stray  Horse  syncline,  the  steep  dip  of  the  contact  which  is  developed  in 
the  Scooper  shaft.  At  Fryer  Hill  it  passes  along  the  bed  of  Little  Stray 
Horse  gulch,  showing  that  the  Blue  Limestone  horizon  has  there  been  eroded 
off.  It  likewise  passes  through  the  Bob  Ingersoll  shaft,  and  shows  the  steep 
dip  theoretically  required  on  the  western  slope  of  the  anticline  by  the 
development  of  this  shaft. 

section  E. —  Section  E  runs  due  east  and  west  along  the  parallel  of  lati- 
tude 39°  15',  which  forms  the  middle  of  the  map,  and  is  but  a  compara- 
tively short  distance  south  of  the  line  of  the  two  previous  sections.  On  the 
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eastern  end  it  shows  the  Mosquito  fault  and  a  patch  of  Lower  Quartzite 
left  to  the  east  of  it,  on  the  slope  of  West  Dyer  Mountain.  In  the  block 
between  Mosquito  and  Ball  Mountain  faults  the  easterly  dip  prevails;  but 
in  the  neighborhood  of  the  latter  fault  the  influence  of  the  anticline  at  the 
north  foot  of  Ball  Mountain  is  seen  in  a  slight  curvature  of  the  beds.  Be- 
tween Ball  Mountain  and  Weston  faults  the  Colorado  Prince  fault  cuts 
through  the  southern  extension  of  the  South  Evans  anticline ;  and  the  sec- 
tion shows  a  minor  anticlinal  and  synclinal  structure  between  this  and  the 
Weston  fault,  which  is  shown  by  .the  developments  of  the  Highland  Chief 
and  Lowland  Chief  shafts  and  the  Chemung  tunnel.  Replacement  in  the 
Highland  Chief  mine  is  supposed  to  have  extended  through  the  entire 
thickness  of  the  Blue  Limestone  horizon  and  to  have  been  influenced  by 
the  dike  of  Gray  Porphyry  which  is  shown  in  that  mine.  The  recent  for- 
mation (r)  east  of  the  Highland  Chief  mine  is  a  portion  of  the  moraine 
left  by  the  South  Evans  glacier  on  the  shoulder  now  called  Idaho  Park. 
In  the  block  west  of  Weston  fault  the  shallow  anticlinal  and  svnclinal 

•/ 

structure  developed  in  the  two  previous  sections  is  supposed  to  extend  into 
the  plane  of  this  section,  the  underground  data  confirming  this  idea  as 
far  as  they  go.  The  plane  of  the  section  is  very  nearly  coincident  with 
the  line  of  the  Breece  cross-fault,  which,  however,  in  its  curves  crosses  it 
at  an  extremely  acute  angle.  The  projection  of  the  intersection  of  these 
two  planes,  as  shown  on  the  section,  is  a  line  cutting  the  surface  between 
the  Breece  Iron  and  Louisville  shafts,  which  has  a  certain  parallelism  with 
the  formation  lines,  with  which  it  might  be  confounded.  The  plane  of  the 
section  passes  just  north  of  the  extremity  of  the  Mike  fault,  whose  move- 
ment is  therefore  not  shown.  The  body  of  Adelaide  Porphyry  is  repre- 
sented as  coming  up  across  the  Lower  Quartzite  and  White  Limestone,  and 
then  spreading  out,  sending  an  offshoot  between  the  beds  of  the  latter.  At 
this  point  the  plane  of  the  section  crosses  the  moraine  ridge,  north  of 
Adelaide  Park,  forming  a  portion  of  the  Evans  south  moraine.  In  the 
block  between  Iron  and  Carbonate  faults  the  line  of  section  illustrates 
plainly  the  synclinal  structure  and  the  splitting  of  the  Blue  Limestone  into 
two  sheets,  as  proved  in  the  Cyclops,  Gone-Abroad,  and  adjoining  shafts. 
On  the  west  slope  of  Carbonate  Hill  the  section  passes  through  the 
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upper  Henriett  workings  and  the  lower  workings  of  the  Waterloo  claim, 
and  shows  the  anticlinal  axis,  which  very  nearly  corresponds  with  the  Car- 
bonate fault,  in  the  latter.  This  axis,  as  already  stated,  is  found  to  coincide 
with  the  line  of  the  fault  farther  north;  and  it  is  possible  that  on  the  line 
of  the  section  the  fault  movement  may  have  already  died  out,  since  its  actual 
plane  has  not  been  proved.1  Of  the  synclinal  basin  under  Leadvllle  in  the 
line  of  this  section  the  depth  and  angle  of  the  formations  on  its  eastern  rim 
are  deduced  from  actual  data,  which  are  riot,  it  is  true,  as  complete  as  could 
be  wished  The  location  of  the  western  rim,  however,  is  more  theoretical. 
Section  F. —  Section  F,  on  a  slightly  broken  line,  passes  through  the  crest 
of  East  Ball  and  Ball  Mountains,  from  the  latter  across  the  slope  of  Breece 
Hill  to  the  head  of  Nugget  gulch,  through  the  middle  of  Iron  Hill,  and 
along  the  bed  of  California  gulch,  into  the  mesa  country.  East  of  the  Mos- 
quito fault  it  shows  a  patch  of  Lower  Quartzite  left  on  the  crest  of  East 
Ball  Mountain.  Between  Mosquito  faultand  Ball  Mountain  fault  it  shows  the 
development  of  White  Porphyry  in  the  lower  horizons  and  its  comparative 
absence  above  the  Blue  Limestone ;  between  the  converging  Ball  Mount- 
ain and  Weston  faults,  the  great  development  of  Pyritiferous  Porphyry  and 
the  probable  continuation  of  the  numerous  sheets  of  White  Porphyry  in 
the  lower  horizons.  The  anticlinal  structure  shown  in  the  eastern  portion 
of  this  block  represents  the  supposed  influence  of  the  anticline  observed 
at  the  north  base  of  Ball  Mountain,  which,  owing  to  the  curvature  of  the 
line  of  Ball  Mountain  fault,  is  the  proper  continuation  of  this  portion  of 
the  area.  The  distribution  and  thickness  of  the  numerous  bodies  of  por- 
phyry in  the  latter  block  are  deduced  mainly  from  the  data  obtained  in  the 
adjoining  regions,  since  along  the  actual  plane  of  the  section,  as  will  be  evi- 
dent from  its  examination,  there  are  few  data  obtained  from  underground 
workings.  In  the  next  block,  between  Weston  and  Pilot  faults,  a  body  of 
Pyritiferous  Porphyry  is  shown  in  section,  whose  thickness  is  largely  a  mat- 
ter of  conjecture,  the  only  direct  evidence  being  that  of  the  Cumberland 
shaft,  near  its  northern  edge,  where  it  is  450  feet.  As  the  plane  of  the  sec- 
tion probably  cuts  through  the  thickest  portion  of  the  body,  the  thickness  of 

1  Later  developments  render  it  probable  that  the  sheet  of  Gray  Porphyry  is  in  the  Blue  Limestone, 
above  the  line  of  Carbonate  fault,  instead  of  at  its  base,  as  shown  in  the  section.        * 
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600  feet  given  must  be  considered  a  conservative  estimate.  The  underly- 
ing White  Porphyry  is  shown  as  disappearing  in  the  middle  of  this  body, 
since  the  latter  is  supposed  to  connect  with  the  lower  body  in  California,  as 
shown  in  Section  L.  A  slight  anticlinal  structure  is  shown  in  the  sedi- 
mentary beds  beneath  the  porphyry,  as  a  probable  connection  between  the 
Great  Hope  anticline  on  the  north  and  that  under  Printer  Boy  Hill  on  the 
south.  The  block  between  Pilot  and  Mike  faults,  it  is  seen,  is  practically  a 
wedge-shaped  mass  which  has  slipped  down  between  the  two  faults.  In 
this  area  is  the  intersection  of  the  line  of  cross-cutting  White  Porphyry, 
which  is  therefore  indicated  here  as  spreading  out  under  the  Blue  Lime- 
stone. On  Iron  Hill  the  line  of  section  passes  through  the  workings  of 
the  Iron  mine;  and  the  data  down  to  the  horizon  of  the  Blue  Limestone  are 
derived  from  actual  exploration.  The  transverse  body  of  Gray  Porphyry 
developed  in  these  workings  is  supposed  to  be  an  offshoot  from  the  intrusive 
sheet  at  the  base  of  the  Blue  Limestone;  it  should  not  have  been  represented 
as  actually  projecting  into  the  White  Porphyry. 

West  of  the  Iron  fault  the  section  crosses  what  is  probably  the  greatest 
thickness  of  White  Porphyry  left  above  the  Blue  Limestone,  but  the  depth 
of  the  latter  immediately  adjoining  the  fault  is,  as  already  stated,  purely 
theoretical  and  given  as  a  probable  maximum. 

section  G. —  Section  G  follows  also  a  slightly  broken  line  along  the  south 
slope  of  Ball  Mountain,  through  Green  Mountain  and  the  head  of  Califor- 
nia gulch,  and  then  along  the  northern  edge  of  Dome  Ridge.  At  its  eastern 
end  it  crosses  diagonally  the  South  Dyer  fault.  Between  Mosquito  and 
Ball  Mountain  faults  the  development  of  White  Porphyry  in  the  lower 
horizons  is  even  more  striking  than  in  the  preceding  section.  Between  Ball 
Mountain  and  Weston  fault  the  distribution  of  the  porphyry  bodies  is 
similar  to  that  in  the  preceding  section,  but  the  Pyritiferous  Porphyry  is 
supposed  to  be  thinning  out  to  the  southward. 

Between  Weston  and  Pilot  faults  the  section  shows  a  probable  vent  of 
the  lower  bod}*  of  Pyritiferous  Porphyry,  which  is  known  to  cut  across 
the  strata,  and  probably  comes  through  the  Archean  in  this  vicinity.  In 
the  wedge-shaped  mass  between  Pilot  and  Mike  faults  a  sheet  of  Pyritifer- 
ous Porphyry  is  supposed  to  extend  between  the  White  and  Blue  Lime- 
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stones,  as  a  continuation  of  the  lower  sheet  0*"  Pyritiferous  Porphyry  which 
forms  the  bed  of  California  gulch  above  the  Pilot  fault.  West  of  Mike 
fault  the  contact  has  been  carried  back  at  the  angle  shown  in  (he  develop- 
ments of  the  Oro  La  Plata  mine,  and  the  intrusive  body  of  Gray  Porphyry, 
which  cuts  across  it  at  the  mouth  of  the  Oro  La  Plata  tunnel,  is  repre- 
sented as  probably  thinning  out  to  the  eastward.  It  is  possible,  however, 
that  the  contact  basins  up  toward  the  Mike  fault,  as  it  does  on  Iron  Hill 
and  the  Gray  Porphyry  sheet  may  have  an  underground  connection  with 
the  Printer  Boy  Porphyry,  which  it  somewhat  resembles,  and  both  come 
up  through  the  same  channel  or  vent,  West  of  the  Dome  fault  the  west- 
ward slope  of  the  beds  in  the  lifted-up  block  of  ground  between  the  Robert 
Emmet  and .  Iron  faults  is  shown.  Beyond  the  Iron  fault  the  only  data 
obtained  from  shafts  are  the  relative  positions  of  the  Wash,  Lake  beds,  and 
underlying  porphyry. 

Section  H. —  Section  II  is  taken  along  a  straight  line  running  from  the 
bed  of  Iowa  gulch,  on  the  eastern  border  of  the  map,  through  Printer  Boy 
Hill  and  down  the  bed  of  Georgia  gulch.  The  three  eastern  blocks  do  not 
differ  sensibly  from  those  of  the  preceding  section,  except  that,  as  proved 
by  actual  developments  on  Printer  Boy  Hill,  the  White  Porphyry  above 
the  Blue  Limestone  is  exceedingly  thick,  for  which  reason  its  thickness  in 
the  adjoining  block  to  the  eastward  is  proportionally  increased  over  that  of 
Section  G.  The  cross-cutting  of  the  White  Porphyry  comes  just  west  of 
the  Weston  fault,  and,  though  entirely  below  the  surface,  is  not  wholly  theo- 
retical here,  but  proved  by  developments  of  adjoining  mines.  The  anticli- 
nal structure  of  Printer  Boy  Hill,  the  intrusive  sheets  of  porphyry,  and  the 
.three  vertical  dikes  are  also  proved  by  actual  observation.  The  conver- 
gence of  the  planes  of  the  Mike  and  Pilot  faults  is  a  theoretical  deduction 
founded  on  the  theory  of  fault  planes  by  observers  in  other  parts  of  the 
world.  The  existence  of  Lake  beds  at  this  height  is  proved  by  the  data 
afforded  by  the  explorations  of  the  Printer  Boy  mine.  The  depth  shown 
for  the  Blue  Limestone  here  may  possibly  be  too  great,  since  it  is  obtained 
by  carrying  back  the  angle  of  dip  at  the  surface  near  the  Dome  fault,  and 
it  is  very  possible  that  the  beds  turn  upwards  towards  the  Mike  and  Pilot 
faults,  under  the  influence  of  the  Printer  Boy  anticline.  The  thickness  of 
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Lake  beds  below  Dome  fault  and  the  depth  of  the  contact  are  derived 
from  actut.l  data  as  far  west  as  the  Coon  Valley;  beyond  that  they  are  the- 
oretical deductions. 

Section  i. —  Section  I  is  a  broken  line  following,  as  near  as  may  be,  the 
crest  of  Long  and  Derry  Ridge  from  West  Sheridan  Mountain  westward. 
It  shows  the  beds  left  on  the  crest  of  West  Sheridan ;  the  anticlinal  struct- 
ure developed  on  Long  and  Derry  Hill,  between  Mosquito  and  Weston 
faults;  the  uplifted  block  of  ground  between  Weston  and  Union  faults; 
the  outcrop  of  Blue  Limestone  and  general  character  of  its  replacement  in 
the  Long  and  Derry  mines  and  the  great  thickness  of  the  White  Porphyry 
above  it  (the  cross-cutting  of  the  lower  sheet  of  White  Porphyry  must 
have  occurred  in  the  part  eroded  off) ;  the  transverse  dikes  of  Gray  Por- 
phyry, and  the  intrusive  sheets  of  Green  Porphyry  between  the  White 
Limestone  and  Lower  Quartzite;  and,  west  of  Mike  fault,  the  outcrops  of  the 
Blue  Limestone  shown  in  the  Hoodoo  and  Echo  shafts,  and  the  supposed 
form  of  the  body  of  Josephine  Porphyry,  between  it  and  the  overlying 
White  Porphyry.  The  depth  assigned  the  contact  adjoining  the  Mike  fault 
may  be  too  great,  as  in  the  previous  section,  since  it  is  possible  that  the  beds 
rise  toward  an  anticlinal  fold.  In  the  actual  plane  of  the  section  the  Lake 
beds  are  not  shown  to  reach  as  high  up  as  they  do  on  Section  H;  but  their 
extent  on  a  line  immediately  north  and  south  of  this  plane  would  be  equal 
to  that  of  the  former.  West  of  the  Hoodoo  outcrop  is  indicated  the  anti- 
cline which  forms  the  southern  continuation  of  the  Dome  fault,  beyond 
which  a  syncline  must  exist,  as  an  extension  of  the  synclinal  basin  proved, 
to  the  north;  but  what  portion  of  the  synclinal  beds  involved  in  these  folds 
has  escaped  erosion  is  a  matter  of  pure  speculation. 

Perhaps  the  most  suggestive  teaching  afforded  by  the  north-and-south 
sections  is  the  graphic  representation  they  give  of  the  relative  character  and 
amount  of  Glacial  and  Post-Glacial  erosion.  They  afford  successive  cross- 
sections  of  the  various  spurs  represented  on  the  map  from  the  summit  down 
to  the  mesa  below.  Where  Lake  beds  still  exist,  the  rock  surface  below 
them  is  the  result  of  erosion  in  the  earlier  portion  of  the  Glacial  period. 
The  rock  surface  beneath  the  moraine  material  (r),  whether  in  its  original 
ridges  or  rearranged,  is  probably  practically  the  same  as  it  was  at  the  close 


EXPLANATION  OF  SECTIONS.  273 

of  the  Glacial  epoch,  while  the  sky-line  of  each  section  represents  the  final 
form  which  water  has  given  to  the  surface  left  at  the  close  of  the  Glacial 
epoch,  whether  it  be  rock  or  detritus. 

section  j. — In  Section  J,  which  crosses  Prospect  Mountain  ridge,  the 
lower  portion  of  Little  Ellen  Hill,  Ball  Mountain,  and  upper  Long  and 
Deny  Ridge,  are  seen  the  main  depressions  made  by  the  Evans,  South 
Evans,  and  Iowa  glaciers,  the  outlines  of  their  beds  somewhat  rounded  off 
by  Post-Glacial  erosion.  The  formations  are  seen  to  have  three  broad 
undulations  rather  than  folds,  the  two  southern  of  which  are  broken  by 
faults. 

Section  K. — In  Section  K,  which  passes  through  Prospect  Mountain, 
Breece  Hill,  the  head  of  California  gulch,  and  Long  and  Derry  Hill,  the 
two  Evans  glaciers  had  come  together  in  one  broad  sheet  of  ice  a  mile  in 
width  and  not  less  than  six  hundred  feet  in  thickness.  Of  the  moraine 
material  still  remaining  here,  a  portion  evidently  belongs  to  the  lateral 
moraines,  and  in  the  middle  is  left  a  relic  of  the  medial  moraine  formed  by 
the  junction  of  the  two  glaciers.  In  Iowa  gulch  at  this  point,  as  evidenced 
by  the  moraine  material  remaining  on  Printer  Boy  Hill,  the  Iowa  glacier 
was  also  about  six  hundred  feet  thick  and  possibly  sent  a  small  branch 
some  distance  into  the  head  of  California  gulch.  The  folds  have  the  same 
character  as  in  the  previous  section,  but  their  crests  are  farther  north. 

Section  L. — In  Section  L,  which  passes  through  the  lower  portion  of 
Breece  Hill  and  the  west  slope  of  Printer  Boy  Hill,  the  bed  of  the  Evans 
glacier  retains  about  the  same  size  as  in  the  preceding  section,  although  its 
outlines  are  somewhat  more  regular.  The  Iowa  glacier,  confined  on  the 
north  by  Printer  Boy  Hill,  had  spread  out  somewhat  to  the  south,  leaving 
its  moraine  material  well  on  the  crest  of  Long  and  Derry  Ridge.  Califor- 
nia gulch  has  been  cut  in  the  crest  of  one  of  the  folds  mentioned  above,  and 
in  it  the  lower  sheet  of  Pyritiferous  Porphyry  is  seen  to  be  cutting  across 
the  formations. 

Section  M. — Section  M,  passing  through  the  crest  of  Yankee  Hill  and 
just  east  of  Iron  Hill,  shows  the  Evans  glacier  split  again  into  two  streams, 
having  a  total  width  of  over  eight  thousand  feet,  but  whose  thickness  is 
MON  xu 18 
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probably  somewhat  diminished.  The  Iowa  glacier,  on  the  other  hand,  seems 
to  be  contracting  as  it  descends,  and  in  the  plane  of  this  section  the  dis- 
tance between  the  crests  of  its  bounding  moraine  ridges  is  only  a  little  over 
one  thousand  feet.  Here  the  outline  of  the  Lake  beds  shows  a  bay  in  the 
ancient  lake  Arkansas  and  that  the  older  Iowa  glacier  occupied  a  wider  bed 
than  the  later  one.  Except  at  the  foot  of  the  Prospect  Mountain,  the  beds 
lie  in  an  almost  horizontal  position. 

section  N.  —  In  Section  N  the  teaching  of  the  Lake  beds  is  still  more 
suggestive.  The  moraine  material  of  the  Evans  glacier,  which  was  probably 
again  united  into  one  sheet,  is  spread  out  over  a  still  wider  surface;  while  the 
reconstructed  outline  of  the  Arkansas  lake  shows  that  from  Graham  Park 
across  to  Georgia  gulch  a  ridge  then  extended,  through  which  the  present 
bed  of  California  gulch  has  been  carved  out  since  the  Glacial  epoch. 

Section  o.  —  In  Section  O,  which  runs  through  Fryer  and  Carbonate 
Hills,  only  the  top  of  the  latter  and  a  portion  of  what  is  now  California 
gulch  probably  remained  above  water  during  the  Glacial  epoch. 

Section  p.  —  In  Section  P,  which  runs  across  the  mesa  country,  Lake 
beds  and  Wash  cover  the  whole  surface  as  far  as  the  ridge  north  of  the  mouth 
of  the  Arkansas.  The  underlying  beds  are  represented  as  lying  in  a  single 
broad  syncline,  since,  while  there  may  probably  be  minor  undulations,  as 
in  the  sections  above,  there  naturally  can  be  no  data  for  determining  their 
position. 

As  regards  underground  structure  the  transverse  sections  are  mainly 
useful  as  showing  probable  depths  at  which  the  ore-bearing  horizon  may  be 
found.  They  are  too  nearly  parallel  to  the  direction  of  major  strike,  which 
is  that  of  the  majority  of  the  folds,  to  give  a  correct  idea  of  these  folds;  and 
their  intersection  with  fault  planes,  being  also  at  an  acute  angle,  presents  a 
somewhat  distorted  angle  of  dip.  Still  it  may  be  observed  that  on  these 
north  and  south  lines  the  beds  have  a  tendency  to  form  anticlinal  and  syn- 
clinal folds.  Bearing  in  mind  that  the  prevailing  direction  of  strike  is  in 
a  northwest  direction,  the  continuation  of  the  folds  will  be  found  a  little 
farther  to  the  north  in  each  successive  section;  for  instance,  in  Section  J 
the  -fold  under  Ball  Mountain  finds  its  normal  continuation  in  Section  K  at 
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the  mouth  of  South  Evans  gulch,  and  in  Section  L  joins  the  slight  fold  at 
the  south  face  of  Prospect  Mountain.  The  form  of  the  east-and-west  folds,  as 
shown  in  Sections  L,  M,  and  N,  along  the  base  of  Prospect  Mountain,  sug- 
gests that  the  mass  of  Prospect  Mountain  afforded  more  resistance  to  com- 
pression than  the  adjoining  country  to  the  south,  so  that  the  folds  are  com- 
pressed sharply  up  against  it.  The  reason  of  this  may  be  found  perhaps  in 
the  unusual  thickness  of  the  porphyry  bodies  on  Prospect  Mountain,  which 
are  probably  much  less  plastic  than  the  sedimentary  beds. 


CHAPTER  VI. 

DISCUSSION  OF  GEOLOGICAL  PHENOMENA, 

In  the  last  two  chapters  the  observations  gathered  have  been  pre- 
sented in  the  form  which  it  was  supposed  would  be  most  useful  to  the 
geologist  or  miner  who  wished  to  study  the  region  itself.  For  those  who 
have  no  occasion  to  examine  the  actual  ground,  it  may  be  well  to  present 
concisely  and  in  a  generalized  form  some  of  the  more  suggestive  facts  ob- 
served, in  a  geological  rather  than  topographical  order,  which  will  be  the 
object  of  the  following  pages. 

SEDIMENTARY    ROCKS. 

Archean. — That  Archean  land  masses  must  have  existed  during  the  dep- 
osition of  the  Paleozoic  and  Mesozoic  beds  found  in  this  region  is  abun- 
dantly proved,  aside  from  all  structural  evidences,  by  the  occurrence  at  vari- 
ous horizons,  in  beds  evidently  of  littoral  formation,  of  rolled  grains  and 
pebbles  of  Archean  rocks.  Among  these  grains  and  pebbles  that  which 
would  best  resist  abrasion,  quartz,  forms  naturally  the  larger  proportion,  but 
granite  and  even  gneiss  are  found,  and,  among  the  finer  materials,  feldspar 
and  mica  often  form  a  large  proportion  of  the  sandstones.  It  is  further 
noteworthy  that  these  pebbles  do  not  differ  in  character  from  the  present 
Archean  rocks ;  in  other  words,  afford  no  evidence  that  the  latter  have  been 
changed  by  metamorphism  since  the  Cambrian  epoch.  The  fact  that  only 
.at  one  point,  and  this  close  to  a  supposed  shore  line,  is  any  but  the  charac- 
teristically lowest  bed  of  the  Cambrian  found  in  contact  with  the  Archean, 
ehows  that  the  upper  surface  of  the  latter,  or  the  bed  of  the  Cambrian  ocean, 
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must  have  been  comparatively  smooth  and  have  presented  no  abrupt  cliffs 
or  slopes  which  were  too  steep  for  a  uniform  deposition  of  sediment  over 
them. 

Bedding  planes  were  frequently  observed  in  the  Archean  in  proximity 
to  its  upper  surface,  perfectly  parallel  with  and  corresponding  to  the  bed- 
ding planes  of  the  Cambrian  quartzite  immediately  above  it.  As  this  dis- 
tinctness of  bedding  planes  occurs  in  granite  as  well  as  in  gneiss  and  as  in 
general  the  bedding  planes  of  the  Archean,  as  seen  on  a  large  scale,  are 
almost  invariably  discordant  with  those  of  the  overlying  beds,  it  seems  that 
they  must  have  been  produced  by  the  pressure  of  the  superincumbent  mass 
of  beds. 

The  eruptive  granite  of  this  region  is,  in  all  cases,  pre-Cambrian  in  age, 
no  instance  having  been  observed  of  its  intrusion  into  the  rocks  of  any  for- 
mation later  than  the  Archean. 

As  regards  the  relative  age  of  the  rocks  which  form  the  Archean,  the 
little  study  that  could  be  devoted  to  this  subject  goes  to  show  that  the  am- 
phibolites,  gneisses,  granite-gneisses,  and,  probably,  part  of  the  granites 
proper  constituted  the  older  or  original  formation ;  that  these  were  suc- 
ceeded by  the  distinctly  eruptive  granites,  which  cut  through  and  include 
fragments  of  the  above ;  and  that  the  vein-like  masses  of  pegmatite  are  the 
most  recent  formations  of  all  the  Archean  rock  masses. 

While  the  structure  lines  which  give  evidence  of -original  bedding  or 
stratification  in  these  rocks  are  less  distinctly  marked  than  in  other  parts  of 
the  Archean  of  the  Rocky  Mountains  and  were  often  so  obscure  that  no 
attempts  were  made  to  trace  out  any  structural  system  in  the  Archean  as  a 
whole,  they  are  nevertheless  sufficiently  well  marked  to  suggest  an  original 
horizontality  in  the  different  layers,  and  that  they  have  been  subjected  to 
an  infinitely  greater  compression  and  folding  than  the  later  formations, 
while  the  parallelism  of  certain  upper  planes  with  the  lower  ones  of  the 
Cambrian,  which  has  been  remarked  above,  and  the  varying  angle  at  which 
both  are  found,  show  that  the  Archean  has  partaken  of  the  folding  to  which 
the  Cambrian  and  later  beds  have  been  subjected. 

Paleozoic. — The  lower  600  feet  of  the  Paleozoic  system  in  this  region, 
comprising  the  Cambrian,  Silurian,  and'  Lower  Carboniferous  formations, 
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which  are  remarkably  persistent  as  a  whole,  though  varying  from  point  to 
point  in  the  relative  proportions  of  calcareous  and  silicious  material  enter- 
ing into  their  composition,  give  evidence,  in  their  even  and  thin  beds  and 
in  their  fineness  of  grain,  of  a  slow  and  uniform  deposition  in  quiet  and 
rather  deep  waters.  Even  in  the  conglomerate,  which  is  invariably  found  at 
the  base  of  the  series,  only  very  small  pebbles  of  the  very  hardest  and  most 
tenacious  forms  of  quartz  are  found.  Neither  fragments  of  Archean  -rocks 
nor  even  feldspar  fragments  occur  in  them.  The  lower  calcareous  beds  also, 
in  spite  of  their  dolomitic  character,  are  usually  compact  and  fine  grained. 

In  the  middle  member  of  the  Carboniferous,  however,  a  decided  change 
in  the  character  of  the  sediments  takes  place :  they  become,  as  a  rule,  very 
coarse-grained,  cany  feldspar  and  mica  and  rolled  pebbles  of  granite  and 
schist ;  they  often  contain  carbonaceous  matter,  which  is  sometimes  concen- 
trated into  actual  beds  of  coal  along  the  borders  of  the  original  land  mass, 
and  remains  of  plants  peculiar  to  the  Carboniferous  period  are  found  in  them 
at  a  considerable  distance  from  the  supposed  shore  line.  It  is  evident,  there- 
fore, that  in  the  middle  Carboniferous  epoch  the  seas  became  shallower,  that 
the  abrasion  of  the  land  masses  was  more  rapid  than  theretofore,  and  that  on 
the  land  vegetation  flourished  luxuriantly  in  this  mountain  region,  as  it  did 
at  the  same  period  in  other  parts  of  the  world. 

During  the  succeeding  Upper  Carboniferous  epoch  and  also  in  the 
Mesozoic  era  the  same  coarser  character  of  sediments  prevails,  although 
carbonaceous  deposits  are  wanting  until  towards  the  close  of  the  Creta- 
ceous. Both  in  the  Weber  Grits  and  the  Upper  Coal  Measure  formations 
the  calcareous  deposits  are  not  only  very  subordinate  in  quantity  but  very 
variable ;  at  one  point  in  a  given  thickness  of  rocks  only  a  single  thin  bed 
of  dolomitic  limestone  will  be  found,  whereas  within  the  same  horizon,  at 
another  point  not  very  far  removed,  several  may  occur. 

Dolomitic  sediments. — One  of  the  most  noteworthy  facts  developed  by  the 
study  of  the  sediments  of  this  region  is  the  prevalence  of  dolomites  among 
the  calcareous  deposits.  All  the  calcareous  beds  below  the  Robinson  lime- 
stone, which  was  taken  as  the  base  of  the  Upper  Coal  Measures,  are,  with  the 
unimportant  exception  of  a  locally  developed  silicious  limestone  ia  the  Cam- 
brian, true  dolomites  of  varying  purity.  In  the  hand  specimen  they  have 
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generally  the  granular  structure  characteristic  of  dolomites,  and  under  the 
microscope  it  is  seen  that  there  is  little  or  none  of  the  twin  structure  pecul- 
iar to  calcite,  and  that  they  are  therefore  composed,  not  of  a  mixture  of 
calcite  and  carbonate  of  magnesia,  but  of  true  dolomite  or  double  carbon- 
ate of  lime  and  magnesia.  The  upper  bed  of  the  Robinson  limestone,  on 
the  other  hand,  and  also  the  few  limestones  of  the  Upper  Coal  Measure 
formation  that  were  examined  are  true  limestones  and  have  a  characteris- 
tically different  appearance  from  the  dolomites  in  the  hand  specimen.  They 
are  fine  grained  and  compact,  instead  of  granular,  generally  of  light  color, 
and  often  have  the  conchoidal  fracture  and  fine  texture  of  a  lithographic 
stone.  The  lime  and  magnesia  contents  of  twenty  different  specimens 
of  limestones  from  different  horizons  and  localities  are  given  in  Table  VI, 
Appendix  B. 

It  is  also  noteworthy  that  all  of  these  limestones,  as  far  as  tested,  were 
found  to  contain  chlorine  in  appreciable  amount.  Microscopical  examination 
of  the  Blue  Limestone  collected  at  Leadville,  whose  contents  in  chlorine 
amounted  to  one-tenth  of  one  per  cent,  showed  that  it  probably  occurs  in 
the  form  of  a  solution  of  chloride  of  sodium,  in  extremely  minute  fluid 
inclusions  within  the  grains. 

These  investigations  were  made  in  the  hope  that  they  might  throw 
some  light  upon  the  cause  and  manner  of  formation  of  dolomites  in  gen- 
eral. It  can  only  be  said  that  it  seems  evident  that  the  magnesia  is  an 
original  constituent  of  the  rocks,  and  not  introduced  later  by  metamorphic 
action.  It  were  difficult  to  conceive  of  such  an  action,  for  instance,  in  the 
case  of  the  Robinson  Limestone,  the  upper  fifteen  to  twenty  feet  of  which 
are  almost  chemically  pure  carbonate  of  lime,  while  the  lower  ten  feet  con- 
tain less  than  88  per  cent,  of  carbonate  of  lime,  the  rest  being  carbonate  of 
magnesia  and  insoluble  material ;  or  how  such  metamorphic  action  should 
be  so  widespread  and  uniform  over  this  great  area  and  yet  stop  at  a  given 
bed  or  horizon. 

T.  Sterry  Hunt, 1  who,  with  others,  has  advocated  the  theory  that  dolo- 
mites are  formed  by  the  actual  precipitation  of  the  carbonate  of  magnesia, 
maintains  that  its  separation  requires  the  absence  of  chloride  of  calcium 

1  Chemical  and  Geological  Essays,  Bostou,  1875,  p.  92. 
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from  the  waters  in  which  it  is  deposited  and  that  isolated  or  evaporating 
basins  are  indispensable  conditions  of  the  formation  of  dolomite.  In  this 
particular  region  these  conditions  might  have  been  fulfilled,  since  the 
Archean  land  masses  certainly  inclosed  the  sea  on  two  sides.  His  theory 
requires,  however,  that  all  the  lime  contained  in  the  sea  waters  should  have 
first  been  precipitated  by  the  carbonate  of  soda,  which  would  then  act  on 
the  chloride  of  magnesium  and  throw  it  down  as  carbonate.  It  would 
seem,  however,  from  the  character  of  the  rocks,  which  are  formed  of  crys- 
talline grains  of  the  double  carbonate,  that  the  two  salts  were  probably 
precipitated  at  the  same  time  and  that  a  certain  amount  of  chloride  in  solu- 
tion was  inclosed  in  the  grains  as  they  crystallized. 

As  regards  the  question  whether  carbonate  of  lime  is  more -readily  dis- 
solved out  of  a  dolomite  than  carbonate  of  magnesia,  the  evidence  goes  to 
show  that  percolating  waters  act  upon  the  double  salt,  and  not  upon  its 
more  soluble  member  alone,  since  the  veins  and  cavities,  such  as  are  shown 
in  the  lower  specimen  on  Plate  VI  (p.  64),  which  have  been  refilled  by  white 
crystalline  material  deposited  by  these  waters,  are  found  to  have  the  same 
composition  as  the  original  dolomite.  Moreover,  where  the  entire  rock  has 
been  apparently  changed  by  the  action  of  waters,  as  in  the  so-called  "lime 
sand"  found  in  the  mines,  which  is  Blue  Limestone  from  which  the  cement- 
ing material  of  the  grains  has  been  removed,  or  in  the  case  of  a  given 
bed  in  the  White  Limestone  of  Dyer  Mountain,  which  in  one  part  has,  by 
this  action,  from  a  compact  light  blue  rock,  become  clayey  in  structure  and 
pink  in  color,  analysis  shows  that  the  proportions  of  carbonate  of  lime 
and  magnesia  remain  essentially  unchanged,  whatever  variation  there  may 
have  been  in  the  other  constituents.1 

In  both  the  above  cases  the  metamorphism,  or  change  in  the  character 
of  the  limestone,  must  have  taken  place  about  the  time  of  the  deposition  of 
the  ore  bodies  in  these  regions,  and  would  therefore  not  have  been  pro- 
duced by  surface  waters.  The  action  of  surface  waters,  using  this  term  in 
its  ordinary,  restricted  sense  of  waters  which  come  from  the  surface  under 
essentially  the  same  conditions  that  exist  at  the  present  day,  is  apparently 
different  from  the  above,  judging  from  the  following  observation. 

1  Sec  Analyses  5,  6,  9,  and  10.  Table  VI,  Appendix  B. 
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The  conglomerates  which  form  the  Lake-bed  deposits  are  often  found 
to  have  a  calcareous  cement,  that  can  be  readily  separated  from  the  pebbles 
which  it  incloses.  This  conglomerate  is  of  so  recent  date  that  at  the  time 
of  its  formation  the  structural  conditions  of  the  range  must  have  been  essen- 
tially those  which  prevail  at  the  present  day,  and  the  waters  from  which  the 
cementing  material  was  derived  were  surface  waters,  which  may  be  sup- 
posed to  have  drawn  their  calcareous  constituents  from  the  outcrops  of  the 
various  dolomitic  beds  of  the  lower  Paleozoic  series.  Chemical  tests  show 
that  the  cement  is  made  up  almost  entirely  of  carbonate  of  lime,  with  little 
or  no  carbonate  of  magnesia.  It  would  seem,  therefore,  that  when  exposed 
to  the  action  of  surface  waters  the  dolomites  of  this  region  have  yielded  up 
their  carbonate  of  lime  more  readily  than  their  carbonate  of  magnesia.  This 
may  be  due  to  a  previous  disintegration  under  the  action  of  atmospheric 
agents  which  rendered  them  more  attackable  or  to  a  superior  solvent  power 
'  of  surface  waters  over  underground  waters  in  their  action  upon  the  carbonate 
of  lime. 

Serpentine. — The  development  of  serpentine  in  the  Silurian  beds  of  this 
region  is,  it  is  believed,  the  first  observed  instance  of  its  occurrence  in  the 
Rocky  Mountain  region,  and  therefore  deserves  some  detailed  mention.  Its 
principal  point  of  development  is  in  the  Red  amphitheater  in  Buckskin  gulch, 
on  the  south  face  of  Mount  Bross,  where  it  is  found  mainly  in  the  transition 
beds  at  the  base  of  the  Silurian  formation,  though  extending  to  a  limited 
extent  up  as  far  as  the  base  of  the  Carboniferous.  It  was  also  observed  in 
limited  development  on  the  cliffs  at  the  south  base  of  Mount  Lincoln,  and 
specimens  were  obtained  in  the  Leadville  district  from  the  Comstock  tunnel 
in  California  gulch,  where  its  exact  horizon  could  not  be  definitely  deter- 
mined. No  actual  serpentine  was  found  at  any  other  point,  but  a  greenish- 
colored  bed  was  observed  frequently  at  about  the  same  horizon,  which 
by  a  microscopical  examination  of  certain  specimens  was  proved  to  contain 
amphibole  or  pyroxene. 

As  developed  in  the  Red  amphitheater,  it  occurs  generally  in  limestone, 
forming  a  greenish,  veined,  and  clouded  rock,  like  verd-antique,  the  veins 
or  streaks  of  serpentine  generally  running  parallel  with  the  stratification, 
but  sometimes  crossing  it  at  right  angles.  It  also  occurs  in  a  yellow,  homo- 
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geneous-looking  rock,  resembling  yellow  beeswax,  which  proves  by  analysis 
to  be  an  intimate  mixture  of  calcite  and  serpentine.  A  complete  analysis 
of  the  soft  green  material  from  a  specimen  of  the  darker-colored  rock  is  given 
in  Analysis  I,  Table  VII,  Appendix  B,  which  proves  it  to  be  an  almost  normal 
serpentine,  the  oxygen  ratio  being  3  :  3.95  :  2.11,  instead  of  3:4:2,  which  is 
the  theoretical  proportion.  Analysis  II,  in  the  same  table,  is  that  of  the.  whole 
mass  of  yellow  rock,  which  is  found  to  contain  57.57  per  cent,  of  carbonate 
of  lime.  If  this  be  deducted,  the  composition  of  the  residue  is  essentially' 
the  same  as  that  of  I.  The  microscope  confirms  the  conclusion  that  the 
rock  is  a  simple  mixture  of  serpentine  and  calcite,  as  no  other  mineral  can 
be  distinguished  by  it.  It  also  shows  that  the  major  part  of  the  rock  is 
in  grains  which  show  the  cleavage  distinctly,  whereas  the  small  grains  of 
calcite  which  are  sometimes  found  in  the  dolomites  show  no  such  cleavage 
lines ;  hence  it  is  evident  that  the  calcite  has  been  recrystallized. 

origin  of  the  serpentine. — It  is  evident,  from  the  manner  of  its  occurrence 
in  and  intimate  admixture  with  the  sedimentary  rocks,  that  the  serpentine 
is  not  of  eruptive  origin.  It  seems  equally  improbable,  from  its  extremely 
local  development,  that  it  could  have  been  formed  at  the  time  of  the  pre- 
cipitation and  deposition  of  the  original  sediments.  It  is  noteworthy, 
further,  that  the  localities  where  it  was  found  have  been  near  centers  of 
eruptive  action  and  of  consequent  intense  metamorphism.  The  dolomites 
of  this  horizon,  which  are  all  more  or  less  silicious,  contain  all  the  constit- 
uent elements  of  serpentine,  except  water.  If  by  the  addition  of  this  ele- 
ment a  reaction  between  it  and  the  silica  and  magnesia  could  be  brought 
about,  serpentine  might  have  been  formed  directly  from  the  dolomites.  As, 
however,  it  is  difficult  to  conceive  of  such  a  direct  reaction,  it  seems  better 
to  seek  some  intermediate  step.  Among  the  specimens  of  Serpentinous  rock 
from  the  Red  amphitheater,  one  has  gray  portions,  comparatively  free  from 
serpentine,  in  which  fibrous  silky  crystals  can  be  observed.  The  microscope 
showed  that  these  are  amphibole  crystals,  and,  further,  that  pyroxene  was 
present.  Analysis  III,  Table  VII,  shows  the  composition  of  these  silky 
crystals  after  they  had  been  separated  from  the  rest  of  the  mass,  which  is 
practically  that  of  actinolite.  The  part  supposed  to  be  pyroxene,  which  is 
distinguishable  as  being  less  lustrous,  was  not  analyzed.  Now,  the  for- 
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mation  of  serpentine  as  an  alteration  product  of  amphibole  and  pyroxene  has 
been  not  unfrequently  observed  and  actual  pseudomorphs  have  been  found.1 
It  thus  appears  evident  that  a  part  at  least  of  the  serpentine  in  these 
rocks  is  an  alteration  product  of  amphibole  and  pyroxene,  and  in  further 
confirmation  of  this  hypothesis  the  microscope  shows,  in  specimens  of  a 
green  silicious  rock  from  the  lower  part  of  the  Red  amphitheater  and  of  a 
similar  rock  from  the  south  base  of  Mount  Lincoln,  among  fresh  and  un- 
mistakable amphibole  crystals,  some  in  process  of  decomposition,  whose  end 
product  is  serpentine,  the  remaining  components  of  the  rock  being  quartz 
grains  and  calcite  in  alternate  layers. 

J.  D.  Dana,2  in  treating  of  similar  occurrences  of  serpentine  in  the  dolo- 
initic  limestones  of  Southern  New  York,  supposes  that  the  process  of  change 
was  that  by  a  first  metamorphism  the  uncrystallized  dolomite  became  pene- 
trated with  tremolite,  actinolite,  and  other  magnesian  silicates,  and  that 
"these  beds  underwent  a  later  transformation,  converting  the  tremolite  and 
other  magnesian  silicates  and  part  of  the  remaining  dolomite  into  hydrous 
magnesian  silicates  and  mostly  into  serpentine."  At  first  glance  the  Mosquito 
Range  phenomena  seem  to  present  a  further  analogy  with  those  of  Southern 
New  York  in  that  there  are  presented  two  periods  of  possible  metamorphism 
(or  activity  of  metamorphic  action),  viz,  that  following  the  intrusion  of  the 
porphyries  and  diorites  and  that  following  the  folding  and  faulting  which 
accompanied  the  uplift  of  the  range.  There  is,  however,  no  evidence  that 
the  dynamic  movement  was  either  accompanied  or  directly  followed  by  any 
widespread  metamorphic  action.  The  decomposition  of  metallic  minerals, 
which  was  a  metamorphic  action,  preceded  this  movement  and  followed  the 
eruption  of  porphyries. 

As  to  whether  the  serpentine  has  been  derived  entirely  from  amphibole 
and  pyroxene,  or  whether  a  part  may  have  been  derived  directly  from 
dolomite,  as  suggested  by  Dana  in  regard  to  the  New  York  occurrence, 
no  definitely  conclusive  evidence  has  been  obtained.  No  opportunity  was 
offered  for  tracing  the  yellow  rock,  which  would  seem  probably  to  have 

1 J.  Roth:  Allgern.  u.  chein.  Geologic,  pp.  123,  127,  131.  Berlin,  1879.  A.  Lagorio:  Mic.  Anal. 
Ostbaltischer  Gebirgsarten,  p.  43.  E.  B.  Hare :  "Die  Serpeutiu-Masse  von  Reichensteiu"  (Neues  Jalir- 
bucb,  II.  Bd.,  p.  346.  1880.) 

^American  Journal  of  Science,  Vol.  XX,  p.  32.    July,  1880. 
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been  derived  from  a  limestone  bed  relatively  free  from  quartz,  to  a  less  com- 
pletely altered  condition,  where  it  might  have  been  seen  whether  there  had 
been  a  previous  formation  of  amphibole.  In  the  dark-green  rock,  however* 
there  seems  little  doubt  that  the  serpentines 'are  derived  from  silicates. 

With  regard  to  the  formation  of  amphibole  and  pyroxene,  their  distri- 
bution seems  wider  and  more  even,  and  the  question  presents  itself  whether 
they  have  been  formed  in  situ  by  a  slow  process  of  metamorphism  pre- 
ceding the  appearance  of  the  eruptive  rocks,  or  after  this  period  and  imme- 
diately preceding  that  of  the  serpentine,  or,  again,  whether  they  are  simply 
derived  from  the  Archean  rocks  mechanically.  In  favor  of  the  last  sup- 
position is  the  fact,  observed  by  Mr.  Cross  in  one  specimen,  that  the  amphi- 
bole penetrates  the  quartz  grains  and  is  sometimes  entirely  encircled  in 
them,  and  that  these  latter  contain  fluid  inclusions  with  moving  bubble. 

STRUCTURAL  FEATURES. 

The  most  striking  features  in  the  geological  structure  of  this  region 
are  the  forms  of  the  folds  and  the  close  relation  between  them  and  the 
great  faults  which  traverse  it  from  north  to  south. 

Folds  and  faults. — The  typical  form  of  the  former  is  what  has  been  called 
the  S-fold,  in  which  the  anticline  has  a  steep  and  almost  vertical  face  to 
the  west,  or  towards  the  original  land  mass  of  the  Sawatch,  and  a  gentle 
slope  to  the  east,  while  in  the  adjoining  syncline  the  conditions  are  re- 
versed, and  the  gently  rising  slope  is  to  the  west.  This  is  the  most  natural 
form  of  fold  which  would  result  from  the  supposed  cause  of  uplift  of  the 
range,  namely,  a  horizontal  thrust  of  the  beds  against  the  Archean  mass  of 
the  Sawatch.  In  a  fold  produced  in  this  way  the  line  of  greatest  tension, 
and  where  the  tendency  to  fracturing  and  displacement  would  be  greatest, 
is,  as  shown  by  DaubreVs  well-known  experiments,1  along  this  steep  side 
of  the  fold,  and  in  point  of  fact  it  was  found  that  along  this  line  occur  the 
great  strike-faults  of  the  range. 

By  reference  to  the  sheets  of  sections  (Atlas  Sheets  VIII  and  IX)  it  will 
be  seen  that  the  great  Mosquito  fault,  which  extends  for  an  unknown  dis- 
tance be}7ond  the  northern  limits  of  the  map,  and  its  two  southern  branches, 
the  London  and  Weston  faults,  fulfill  in  the  main  these  theoretical  conditions. 

'A.  Daubr^e  :  Geologic  Experimental,  p.  321.     Paris,  1879. 
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It  is  rarely  possible  to  trace  upon  the  surface  the  actual  line  of  a  fault 
or  the  structure  lines  of  the  immediately  adjoining  beds,  for  the  reason  that 
the  rocks  are  generally  metamorphosed  and  disintegrated  to  such  an  extent 
as  to  render  them  obscure.  The  theoretical  studies  of  fault  structure  have, 
moreover,  been  mainly  made  in  underground  workings,  especially  in  coal 
mines,  where  it  is  often  the  case  that  the  movement  of  displacement  is  so 
slight  and  the  thickness  of  beds  involved  so  small  that  it  is  questionable 
whether  they  should  not  more  properly  be  considered  as  joints,  rather  than 
as  fulfilling  the  same  conditions  as  these  great  faults  many  miles  in  length 
and  with  displacements  involving  thicknesses  of  beds  of  as  many  thousand 
feet.  Even  in  this  region,  where  the  opportunities  for  observation  are  excep- 
tionally favorable,  the  actual  fault  planes  and  the  structure  lines  of  the  ad- 
joining beds  can  but  rarely  be  distinguished.  Either  only  Archean  rocks, 
in  which  no  structure  lines  are  visible,  are  to  be  found  on  one  side  of  the 
fault,  or  the  surface  conditions  are  such  that  the  structure  lines  are  entirely 
obscured  in  its  vicinity.  In  drawing  the  sections,  moreover,  the  endeavor 
was  to  represent  the  facts  as  far  as  observed,  without  reference  to  any  struct- 
ural theory,  and  they  were  already  engraved  before  any  theoretical  study 
of  the  structure  as  a  whole  was  undertaken.  If,  then,  in  any  case  they 
misrepresent  facts,  the  error  is  as  likely  to  be  against, the  above  theory  as 
in  its  favor. 

At  the  northern  edge  of  the  map  a  syncline  is  plainly  traceable  in  close 
contact  with  the  fault  line  on  the  west  of  the  Mosquito  fault,  and  the  remains 
of  the  corresponding  anticline  on  its  east  side  are  found  in  the  fragment  of 
Cambrian  quartzite  resting  on  the  Archean  just  beyond  the  limits  of  the  map. 
From  here  southward  to  Empire  gulch  either  the  Archean  alone  adjoins  the 
fault  line  or  the  stratification  lines  of  the  sedimentary  beds  in  its  immediate 
vicinity  are  entirely  obscured ;  those  given  in  the  sections  are  only  the  the- 
oretical prolongation  of  dips  observed  at  such  a  distance  that  there  is  room 
for  a  very  marked  flexing  to  have  occurred  before  they  reached  the  fault 
plane.  On  Empire  Hill  is  what  might  be  classed  as  a  monocline  to  the  west 
of  the  fault,  were  it  not  that  its  continuation  farther  south  at  Weston's  pass 
shows  that  it  is  part  of  a  deep  syncline,  cut  off  by  the  fault,  and  a  portion  of 


286  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADVILLE. 

the  crest  of  the  corresponding  anticline  on  the  east  side  still  caps  Weston's 
Peak.  It  is  in  the  London  fault,  however,  that  the  relations  of  the  fold  and 
the  fault  are  most  clearly  seen,  because  the  sedimentary  beds  still  remain  on 
either  side  to  show  the  structure  lines  and  erosion  has  cut  down  into  the 
rock  mass  so  deeply  as  to  afford  to  the  observer  actual  sections  of  the  earth's 
crust  several  miles  in  length  and  one  to  two  thousand  feet  in  thickness. 
These  have  been  described  in  detail  on  pages  143-165  and  illustrated  by 
sketches  in  Plates  XV,  XVI,  and  XVII,  so  that  it  will  be  hardly  worth 
while  to  redescribe  all  the  conditions  here. 

It  is  probable  that  the  steepness  of  the  angle  of  dip  of  the  beds  on 
either  side  of  the  fault  plane  in  these  cases  may  be  due  to  a  continu- 
ation of  the  movement  of  contraction,  or  the  lateral  thrust,  since  the  original 
faulting  and  folding,  for  it  is  now  generally  conceded  by  geologists  that  the 
elevation  of  mountains  is  continued  in  a  somewhat  modified  form  long  after 
the  original  dynamic  movement,  and  may  very  probably  be  going  on  at  the 
present  day.  In  the  case  of  the  fold  at  Weston's  pass  a  lateral  movement 
along  the  fault  plane  seems  also  necessary  to  explain  the  observed  condi- 
tions. 

This  dipping  downward  of  the  beds  on  either  side  of  the  fault  would 
seem  at  first  sight  to  be  an  exception  to  what  is  given  in  text-books  as 
the  rule  for  the  plication  of  beds  adjoining  a  fault  plane,  namely,  that  they 
bend  in  opposite  directions  down  toward  the  fault  on  one  side  and  up 
toward  it  on  the  other.  It  is  not  really  so,  however,  as  mature  reflection 
will  show.  In  the  case  presented  by  the  text-books  of  strata  dipping  in 
opposite  directions  on  either  side  of  the  fault,  if  the  beds  were  brought  back 
to  the  position  they  occupied  before  the  displacement,  they  would  be 
found  to  have  a  simple  monoclinal  fold,  such  as  is  described  as  common  in 
the  Colorado  Plateau  region  by  the  geologists  who  have  written  upon  it, 
and  which,  according  to  them,  is  often  associated  with  a  fault.  These  folds 
and  faults  differ  from  those  in  the  greater  intensity  of  the  plication  and  in  the 
different  position  of  the  fault  plane  in  regard  to  the  flexure.  If  one  of  the 
S-folds  described  here  could  be  drawn  back  to  its  incipient  state  of  flexure 
and  the  strata  adjoining  it  brought  to  an  approximately  horizontal  position, 
it  would  gradually  become  the  monoclinal  flexure  described  by  them;  or 
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one  might  imagine  the  monoclinal  flexure  under  conditions  of  greater  press- 
ure, and  with  a  general  uptilting  of  the  whole  sedimentary  series  involved, 
developing  into  one  of  these  S-folds.  As  regards  the  position  of  the  fault 
plane,  in  the  supposed  case  of  the  monocline  it  actually  cuts  the  steep  side; 
but  here  it  cuts  generally  through  the  syncline  on  one  side  of  it.  It  can 
readily  be  seen  by  reference  to  the  section  that  a  comparatively  slight  lat- 
eral displacement  of  the  fault  planes  to  one  side  or  the  other  would  produce 
the  above-quoted  conditions  of  an  opposite  dip  on  either  side  of  the  fault, 
or,  to  be  more  accurate,  opposite  as  regards  the  fault  plane,  since  the  actual 
dip  is  the  same  on  both  sides  of  the  fault  in  the  case  of  the  monoclinal  fault 
and  reversed  in  the  case  described  here. 

In  connection  with  the  shorter  and  less  important  faults  which  trav- 
erse the  region  of  the  Leadville  map,  the  folds  are  much  more  gentle  and 
less  strongly  marked  than  in  the  case  of  these  larger  faults ;  but  in  almost 
every  case  where  it  is  possible  to  obtain  data  it  is  found  that  the  same  inter- 
dependence of  folding  and  faulting  exists. 

Hade  of  faults. — In  the  few  instances  where  it  was  possible  to  obtain  act- 
ual measurements  of  the  hade  of  the  fault  planes,  or  their  inclination  from 
the  vertical,  it  was  found  to  be  towards  the  downthrow  side,  or  that  the 
plane  of  the  fault  slopes  away  from  the  side  which  has  risen ;  this  is  the 
condition  which  generally  prevails,  and  it  is  explained  on  the  theory  that  the 
uplifted  side  has  thus  a  broader  base  than  the  downthrow  side.  In  only  a 
few  isolated  cases  was  evidence  found,  and  only  indirect  evidence  at  that, 
of  the  opposite  conditions,  or  of  a  reversed  fault.  The  angle  of  hade 
in  the  observed  cases  was  almost  equal  to  the  angle  of  dip  of  the  strata'; 
in  other  words,  the  fracture  was  directly  across  the  beds.  In  drawing  the 
faults  where  the  angle  could  not  be  observed,  as  was  the  case  in  the  major- 
ity of  instances,  they  were  constructed  to  accord  with  this  condition.  The 
objection  has  been  made  to  the  assumption  that  the  normal  hade  of  faults 
should  be  in  the  direction  of  downthrow,  that  it  is  opposed  to  the  theory 
that  faulting,  like  folding,  is  the  result  of  contraction,  inasmuch  as  hading  in 
this  direction  tends  to  lengthen  the  linear  space  occupied  by  a  series  of  beds 
on  a  given  cross-section,  rather  than  to  contract  it.  This  may  be  graphically 
seen  in  the  sections  on  Atlas  Sheet  VIII.  In  Section  A,  for  instance,  where 
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only  one  fault  crosses  the  section,  the  linear  contraction  of  a  given  bed,  as 
there  drawn,  is  about  three  thousand  feet  in  the  length  of  the  section,  or 
3£  per  cent  On  Section  D  the  apparent  amount  of  contraction  is  the  same, 
although  the  beds  are  much  more  sharply  flexed  ;  but  it  is  found  that,  by 
reason  of  the  angle  of  hade  given  to  the  faults,  there  has  been  1,500  feet 
of  apparent  expansion  of  the  beds;  or,  if  the  fault  planes  had  been  made 
vertical,  the  same  amount  of  flexing  would  have  given  1,500  feet  more 
length  to  the  beds  and  the  contraction  would  have  been  4,500  feet,  or  5J 
per  cent.  The  sections  present  probably  an  exaggerated  statement  of  what 
actually  exists,  for  it  is  possible  and  even  probable  that  the  planes  of  the 
great  faults  stand  more  nearly  in  a  vertical  position ;  still,  observation  ren- 
ders it  probable  that  the  average  hade  in  the  faults  of  this  range  is  with 
the  downthrow,  and  for  this  reason  the  displacement  of  the  faults  has  not 
tended  to  contract  the  linear  distance  occupied  by  a  given  series  of  forma- 
tions on  a  transverse  line,  but  rather  to  expand  it  slightly.  It  seems  proba- 
ble that  the  plication  of  the  beds  has  been  a  gradual  and  uniform  move- 
ment, though  relatively  accelerated  at  the  period  assigned  to  the  dynamic 
movements;  but  that  the  actual  fracturing  of  the  beds  along  the  present 
fault  planes  was  primarily  produced  by  some  violent  shock,  similar  to  the 
earthquake  shocks  of  the  present  day;  that  the  direction  of  a  fracture 
plane  across  the  beds,  as  thus  primarily  determined,  would  not  necessarily 
be  dependent  on  the  force  of  contraction,  although  its  position  would 
naturally  be  on  lines  of  greatest  tension  or  weakness. 

It  may  also  be  conceived  in  a  region  like  the  one  under  consideration 
that,  while  the  folding  is  evidently  a  result  of  tangential  contraction,  the 
faulting  may  be,  in  part  at  least,  the  result  of  radial  contraction.  It  is 
probable  that  tangential  pressure  acts  only  on  a  comparatively  thin  shell  of 
the  upper  crust  of  the  earth,  for  very  sharp  folds,  where  observation  in 
depth  is  possible,  are  found  to  become  gradually  more  rounded  and  gentle 
as  the  distance  from  the  surface  increases ;  also,  that  the  force  which  has 
been  exerted  in  an  intensely  plicated  region  is  the  expression  of  the  accu- 
mulated energy  of  contraction  over  a  wide  area.  Thus,  in  the  case  of  the 
Mosquito  range,  tangential  pressure  may  be  conceived  to  have  pushed  up  a 
roll  of  the  earth's  crust  into  a  ridge,  which  would  have  been  much  higher 
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than  the  restoration  of  the  eroded  beds  in  their  present  position  would  give, 
if  it  had  not  been  for  the  counteracting  effect  of  faulting ;  and  faulting 
might,  in  this  sense,  be  considered  a  result  of  subsidence  or  of  radial  con- 
traction. It  is  easily  seen,  for  instance,  by  studying  any  one  of  the  given 
cross-sections  of  the  Mosquito  range,  that  were  the  movements  of  the  faults 
reversed,  so  as  to  bring  the  beds  on  either  side  of  each  back  into  their  orig- 
inal position,  and  thus  leave  them  as  they  would  have  been  if  influenced 
by  plication  alone,  the  range  would  have  been  about  four  thousand  feet 
higher  than  at  present,  supposing  erosion  to  have  acted  under  those  condi- 
tions with  the  same  energy  that  it  has  under  the  present.  This  view  of  the 
elevation  of  the  range  involves,  it  is  true,  a  subsidence  of  the  region  ad- 
joining the  Sawatch  shore  line  and  probably  of  the  whole  Sawatch  mass. 
Subsidence  and  elevation  in  cases  like  this,  which  refer  to  a  far  distant 
period  of  the  earth's  history  and  where  limited  areas  are  involved,  are  more 
or  less  interchangeable  terms,  since  the  only  fixed  point  to  which  they  can 
be  related  is  the  .center  of  the  earth,  whose  distance  cannot  be  determined 
with  a  possible  error  less  than  the  amount  of  movement  involved,  and  we 
have  to  content  ourselves  with  the  assumption  that  there  must  be  a  tend- 
ency in  all  movements  of  the  earth's  crust  to  preserve  a  certain  equilibrium, 
and  that,  where  one  portion  of  the  crust  has  been  elevated  in  relation  to  an 
adjoining  one,  the  apparent  movement  is  probably  the  sum  of  an  actual 
elevatory  movement  on  the  one  side  and  of  a  subsiding  movement  on  the 
other,  each  of  which  is  necessarily  less  in  amount  than  the  apparent  move- 
ment. 

The  same  may  be  said  of  areas  large  enough  to  assume  an  almost  con- 
tinental importance.  Thus  the  Plateau  region  of  the  Colorado  River  has 
evidently  subsided  relatively  to  the  adjoining  mountain  areas  of  the  Wa- 
satch  and  of  the  Rocky  Mountains,  as  shown  by  the  great  average  differ- 
ence of  level  of  corresponding  formations  in  these  areas;  but  the  Plateau 
region  must  always  have  been  relatively  lower  than  these,  since  it  was 
from  the  abrasion  of  their  land  masses  that  its  sediments  were  in  large 
measure  derived.  It  may,  however,  be  considered  in  general  to  represent 
an  area  of  subsidence,  and  the  others  to  be  areas  of  elevation;  and  the  type 
structure  which  prevails  there,  namely,  that  of  broad  level  blocks  descend- 
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ing  abruptly  along  given  lines  by  monoclimil  flexures  and  faults  to  lower 
levels,  to  be  more  frequently  the  result  of  subsidence,  while  the  movements 
in  the  adjoining  mountain  masses  were  probably  more  often  true  move- 
ments of  elevation. 

The  one-sided  or  s-shaped  fold. — In  the  above  remarks  considerable  stress  has 
been  laid  upon  the  one-sided  or  S-fold  and  its  frequently  associated  faulting, 
because  it  seems  to  be  the  extreme  development  of  the  most  common  form 
of  plication  throughout  the  Rocky  Mountains  and  the  region  of  the  Great 
Basin.  In  the  latter  region  it  often  happens  that  only  one  side  of  the  fold 
protrudes  above  the  Quaternary  deposits,  which  cover  the  greater  portion  of 
its  surface,  so  that  the  narrow  mountain  ridges  present  only  a  monoclinal 
slope.  For  this  reason  the  structure  of  what  is  called  the  Basin  province 
has  been  characterized  as  a  region  of  faulted  blocks  uptilted  in  different 
directions  and  practically  without  plication. 

I  dissent  from  this  reading  of  the  geological  structure,  first,  because 
my  own  observations  in  the  region  mentioned  have  shown  many  unmistak- 
able instances  of  the  above-mentioned  structure,  in  which  it  is  true  the 
flexing  is  often  gentle,  but  nevertheless  a  true  plication,  and  which  have  led 
me  to  believe  by  analogy  that  in  other  cases,  could  the  structure  beneath 
the  valleys  be  seen,  the  missing  faulted-down  members  of  the  fold  would 
be  found ;  secondly,  because  the  diversely  tilted  blocks  which  are  given  in 
the  sections  involve  what  seems  to  me  to  be  a  geological  impossibility,  or  at 
least  one  which  is  not  yet  found  possible  by  observation,  namely,  the  actual 
annihilation  of  considerable  wedge-shaped  segments  of  stratified  beds  by 
the  simple  action  of  faulting.  Even  in  the  Uinta  Range,  which  differs  from 
the  Rocky  Mountain  ranges  in  that  it  is  the  truncation  of  a  complete  arch 
of  sedimentary  strata,  with  no  evident  pre-existing  elevation  beneath  it,  the 
anticlinal  fold  has  the  one-sided  structure.  The  axis  of  this  range  is  along 
the  northern  edge  of  the  uplift,  to  the  south  of  the  axis  the  beds  descend 
in  gentle  slopes ;  to  the  north  they  dip  steeply  at  angles  of  40°  or  50°,  and 
are  partly  faulted  along  this  steep  side.  On  a  line  with  this  steep  side,  at 
the  eastern  end  of  the  range,  is  a  submerged  ridge  of  Archean,  whose  resist- 
ance, as  I  have  already  suggested,1  probably  caused  the  sharper  and  more 
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complete  plication  of  the  formations  at  that  end  of  the  range.  This  ridge 
may  extend  westward  at  a  greater  depth  along  the  whole  length  of  the 
range,  and  be  the  unyielding  mass  whose  resistance  caused  the  sharper  flex- 
ure along  its  northern  edge. 

I  also  differ  from  the  views  advanced  by  some  geologists  with  regard 
to  the  structure  of  the  Rocky  Mountain  region,  or  the  Park  province,  as 
they  designate  it.  One  considers  the  type  structure  of  this  region,  as  repre- 
sented by  the  Colorado  and  Park  Ranges,  to  be  the  same  as  that  of  the  Uinta, 
viz,  that  the  sedimentary  strata  formerly  arched  over  them,  and  that  the 
uplift  was  that  of  a  broad  platform  raised  by  vertical  movement,  having  a 
fault  or  monoclinal  fold  along  either  edge.  Another,  in  speaking  of  the 
whole  Cordilleran  system  east  of  the  Sierra  Nevada,  says  it  has  no  plication 
properly  speaking,  as  expressed  by  the  folds  of  the  Appalachian,  although 
he  admits  that  some  regions  show  a  certain  amount  of  flexure,  including  in 
them  probably  the  Basin  and  Park  provinces.  In  regard  to  these  provinces 
he  says  that  these  flexures  are  not,  so  far  as  can  be  discerned,  associated  with 
the  building  of  the  existing  mountains  in  such  a  manner  as  to  justify  the 
inference  that  the  flexing  and  the  rearing  of  the  ranges  are  correlatively 
associated ;  that  the  flexures  were  in  the  main  older  than  the  mountains,  and 
that  the  mountains  were  blocked  out  by  faults  from  a  platform  which  had1 
been  plicated  long  before,  and  after  the  irregularities  due  to  such  pre-ex- 
isting flexures  had  been  nearly  obliterated  by  erosion.  He  says  further  that 
the  amount  of  bending  caused  by  the  uplifting  of  the  ranges  is  just  enough 
to  give  the  range  its  general  profile  and  seldom  anything  more. 

I  have  already  shown,  in  Chapter  II,  my  reasons  for  considering  that 
the  main  Archean  masses  of  the  Rocky  Mountains,  as  represented  by  the 
Colorado  and  Park  Ranges,  were  never  submerged,  and  that  therefore  the 
sedimentary  strata  could  not  have  arched  over  them  as  they  did  over  the 
Uinta  Range;  also,  that  the  Mosquito  Range,  which  might  be  considered 
at  first  sight  an  exception,  is  not  geologically  part  of  the  Park  Range,  but  an 
uplift  of  later  formation,  contemporaneous  with  and  of  analogous  formation  to 
the  so-called  "  Hog-back"  ridges  on  the  east  flanks  of  the  Rocky  Mountains, 
though  of  more  complicated  structure,  owing  partly  to  its  eruptive  masses  and 
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partly  to  a  more  intense  movement  of  compression.  On  the  eastern  flanks  of 
the  mountains  the  anticline,  east  of  the  first  monoclinal  slope  which  rests 
directly  on  the  Archean,  is  rarely  seen,  being  concealed  beneath  later 
deposits.  Its  slopes  are  probably  relatively  gentle,  as  it  is  not  compressed 
between  two  Archean  masses  like  those  of  the  Mosquito  Range,  but  has  a 
broad  mountainless  area  at  its  back.  Could  this  fold  be  seen  it  would 
probably  be  found  to  have  the  S  character ;  that  is,  a  steeper  slope  to  the 
west.  The  fact  that  the  monoclinal  slopes  on  the  eastern  flanks  are  some- 
times very  steep  I  judge  to  be  due  to  a  later  movement  of  contraction  since 
the  dynamic  movement,  by  which  the  upper  beds  have  been  pushed  against 
the  Archean  and  the  beds  which  rest  directly  on  it,  and  thus  brought  into 
a  vertical  or  even  an  inverted  position. 

As  regards  the  correlation  of  folding  and  faulting,  the  geological  evi- 
dence, as  I  read  it,  is  entirely  opposed  to  the  idea  that  the  uplift  of  the 
ranges  was  independent  of  and  later  than  the  flexing,  and  produced  mainly 
by  faulting.  The  evidence  of  the  Mosquito  Range,  which  may  be  fairly 
taken  as  a  type,  though  perhaps  an  extreme  one,  of  Rocky  Mountain  struct- 
ure, certainly  shows  a  close  interdependence  between  folding  and  faulting. 
That  the  rocks  forming  the  Archean  land  masses  were  plicated  and  eroded 
long  before  is  quite  evident,  but  that  the}'  were  blocked  out  by  faults  and 
lifted  into  a  platform  is  purely  hypothetical  and  incapable  of  proof.  Again, 
while  the  closely  appressed  folds  of  the  Appalachians  are  rarely  found  in  the 
Rocky  Mountains,  I  consider  the  folding  that  does  exist  there  none  the  less 
a  true  plication.  The  peculiarly  regular,  narrow  folds  of  the  Jura  Mount- 
ains and  of  the  Appalachian  system  are  simply  the  extreme  type  of  closely 
folded  strata,  due  to  peculiarly  favorable  conditions  which  it  is  not  now 
worth  while  to  discuss  at  length,  and  differ  from  those  of  the  Rocky  Mount- 
ains in  amount  rather  than  in  kind. 

ERUPTIVE    ROCKS. 

The  eruptive  rocks  of  this  region  fall  naturally  into  two  groups  or 
series,  whether  considered  from  the  point  of  view  of  their  age,  of  their  man- 
ner of  eruption,  or  of  their  internal  structure  and  composition. 
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Here,  as  in  all  attempts  at  establishing  geological  classification,  there 
are  found  to  be  occurrences  which  form  intermediate  or  transition 
members  between  the  two  groups,  but  yet  do  not  invalidate  the  legitimacy 
or  advisability  of  establishing  such  a  division  or  classification.  Geologists 
have  hitherto  been  divided  in  opinion  as  to  the  nature  of  the  relation  be- 
tween the  age  of  an  eruptive  rock  and  its  internal  structure  and  compo- 
sition, the  extremists  on  one  side  maintaining  that  this  relation  is  an  abso- 
lute and  fixed  one,  and  that  where,  as  is  so  often  the  case,  its  geological 
and  external  structural  relations  furnish  no  evidence  as  to  the  age  of  a  rock, 
a  careful  study  of  its  internal  structure  is  sufficient  to  determine  within 
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certain  limits  its  period  of  eruption;  those  of  the  opposite  school  maintain 
that  no  such  relation  exists,  that  the  correspondences  observed  are  merely 
accidental  coincidences  not  dependent  on  age,  and  that  the  many  sub- 
divisions established  by  the  former  school  are  not  legitimate,  and,  inasmuch 
as  there  are  an  infinity  of  intermediate  members,  could  with  advantage  be 
reduced  to  a  few  general  divisions.  The  manner  of  eruption,  whether  as 
an  intrusion  or  as  a  surface  flow,  has  not  in  general  been  considered  an 
essential  function  of  classification.  In  this  region  it  would  seem  that  the 
characteristic  differences  of  internal  structure  of  the  above  two  classes  de- 
pend rather  upon  the  conditions  under  which  they  have  consolidated  than 
upon  the  absolute  geological  age  of  either  class,  although  their  relative  ages, 
which  are  distinctly  marked,  correspond,  as  it  happens,  with  the  differing 
conditions  of  consolidation. 

Age.  —  As  regards  their  period  of  eruption,  the  rocks  of  this  region  may 
be  divided  into  an  older  and  a  younger  series,  the  former  of  which  were 
erupted  before  the  dynamic  movement  which  caused  the  uplift  of  the  range 
and  were  involved  with  the  inclosing  sedimentary  strata  in  the  consequent 
folding  and  faulting,  while  the  latter  are  of  later  date  than  that  dynamic 
movement. 

An  exact  definition  of  the  age  of  either  group  is  unfortunately  not  yet 
possible.  In  the  first  place,  the  time  of  the  dynamic  movement  is  assumed  as 
at  the  close  of  the  Cretaceous  period,  this  assumption  having  been  adopted 
by  the  consensus  of  the  geologists  who  have  studied  the  Rocky  Mountain 
region,  for  the  reason  that  the  Tertiary  beds,  where  found  in  contact,  are 
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seen  to  have  been  deposited  unconformahly  upon  the  Cretaceous.  But  in 
the  district  included  in  this  examination  no  Tertiary  beds  are  found.  More- 
over, it  is  not  impossible  that  later  and  more  detailed  studies  may  lead  to  a 
modification  of  this  view.  Secondly,  although  the  older  eruptives  are  only 
found  in  Paleozoic  formations  within  the  limits  of  the  map,  rocks  almost 
identical  were  observed  in  Triassic  and  even  in  Cretaceous  strata,  not  far  be- 
yond those  limits.  Moreover,  the  same  class  of  rock,  as  will  be  shown  below, 
is  found  in  other  parts  of  Colorado  to  cut  through  the  latest  Cretaceous  beds. 
It  seems  probable,  therefore,  that  though  the  eruption  of  this  type  of 
rock  may  have  commenced  much  earlier,  it  lasted  in  this  region  till  near  the 
close  of  the  Cretaceous.  As  regards  the  age  of  the  younger  series;  the  en- 
tire absence  of  Tertiary  beds  in  the  region  renders  it  impossible  to  assign  their 
eruption  to  any  particular  division  of  this  era.  The  time  that  elapsed  between 
the  eruption  of  the  last  of  the  older  series  and  the  first  of  the  younger  must, 
however,  have  been  much  longer  than  the  above  statement  would  seem  at 
first  glance  to  wan-ant,  since  in  it  not  only  were  the  inclosing  beds  elevated 
above  the  ocean,  and  by  plication  and  faulting  brought  practically  into  their 
present  position,  but  erosion  must  have  removed  their  upper  portions  down 
to  a  general  level,  which  could  not  have  been  much  higher  than  that  of  the 
average  peaks  and  ridges  of  the  present  day. 

But  little  direct  evidence  was  obtained  as  to  the  relative  age  of  the 
varieties  composing  either  group,  but  what  was  found,  as  well  as  the  indi- 
rect evidence  and  a  certain  indefinable  habitus  of  the  rocks,  goes  to  con- 
firm Clarence  King's  theory1  that  in  each  series  of  rocks  composing  a  local 
eruption,  and  which  may  be  considered  in  general  to  have  a  common  source, 
the  acidic  rocks  were  the  earlier,  and  the  more  basic  followed  in  the  order  of 
their  relative  basicity.  Thus,  among  the  older  series  of  rocks  the  more  basic 
porphyrite  is  younger  than  the  acid  quartz-porphyries.  Direct  evidence  of 
this  is  confined  to  the  single  instance  observed  of  actual  contact  of  the  two 
varieties  of  rock  on  the  extremity  of  the  east  spur  of  Mount  Lincoln;  and 
here,  owing  to  the  character  of  the  exposure,  the  apparent  cutting  of  Lin- 
coln Porphyry  by  porphyrite  cannot  be  considered  entirely  unquestionable. 
The  external  habit  and  internal  structure  of  the  rocks,  however,  both  con- 

1  Exploration   of   the   Fortieth  Parallel,   Vol.    I,    Systematic  Geology,  p.   715.     Washington 
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lirui  the  above  conclusions.  In  the  hand  specimen  some  of  the  porphyrites 
might  readily  be  taken  for  Tertiary  eruptives.  Among  quarti- porphyries 
the  White  Porphyry,  which  is  the  most  acid  of  the  group,  not  only  has  the 
characteristics  of  an  older  rock  in  its  internal  structure,  but  is  actually  cut 
bv  transverse  bodies  or  dikes  of  the  Gray  or  Lincoln  Porphyry,  and  a  small 
sheet  of  it,  together  with  inclosing  sandstones,  is  included  in  the  great  mass 
of  Sacramento  Porphyry.  An  apparent  exception  to  this  evidence  of  the 
earlier  age  of  its  principal  mass  is  found  in  the  existence  of  two  dikes  of 
White  Porphyry  cutting  Lincoln  Porphyry,  on  the  north  wall  of  Cameron 
amphitheater,  but  their  mass  is  relatively  very  small  and  the  occurrence 
altogether  an  exceptional  one. 

Among  the  Tertiary  eruptives  Nevadite  seems  to  be  older  than  the 
andesites,  judged  by  its  internal  structure  and  its  geological  surroundings, 
but  the  rocks  are  so  widely  separated  that  no  direct  evidence  was  obtain- 
able. 

Manner  of  occurrence. — The  two  groups  are  further  distinguished  by  the 
fact  that  the  older  rocks  are  entirely  intrusive  and  the  younger  extrusive ; 
in  other  words,  that  the  former  never  reached  the  surface,  but  were  consoli- 
dated within  the  sedimentary  strata  and  under  the  pressure  of  a  considerable 
mass  of  overlying  rocks,  while  the  latter  were,  as  far  as  can  be  determined 
at  the  present  day,  actually  extruded  upon  the  surface  before  final  consoli- 
dation. This  is  an  important  distinction  in  its  bearings  upon  the  internal 
and  petrographical  structure  of  the  rocks,  and  one  upon  which  it  seems  geolo- 
gists have  hitherto  not  laid  sufficient  stress. 

intrusive  sheets. — The  greater  mass  of  the  older  rocks  occurs  as  sheets 
between  the  strata  of  sedimentary  rocks,  generally  following  a  given  hori- 
zon over  great  distances.  That  they  were  not  poured  out  upon  the  surface 
and  the  overlying  sedimentary  beds  deposited  upon  them — that  is,  that  they 
are  not  interbedded  sheets — is  abundantly  proved  by  the  facts  that  they  fre- 
quently cross  the  strata  from  one  bedding  plane  to  another  and  that  they 
also  occur  as  dikes  cutting  across  the  strata  transversely,  whose  actual  con- 
nection with  the  intrusive  sheet  it  was  sometimes  possible  to  observe;  large 
fragments  of  the  overlying  beds  are,  moreover,  often  found  entirely  included 
in  them.  The  great  number  and  extent  of  these  intrusive  sheets  are  very 
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remarkable.  They  vary  in  thickness  from  a  foot  or  two  up  to  over  a  thou- 
sand feet.  In  Mosquito  gulch  sheets  of  porphyrite  averaging  20  feet  in 
thickness  can  be  traced  continuously  on  the  canon  walls  for  several  miles 
without  showing  any  vent,  and  the  sheet  of  White  Porphyry  which  covers 
the  Blue  Limestone  is  shown  by  its  outcrops  to  have  been  practically  con- 
tinuous over  the  area  of  the  southern  half  of  the  Mosquito  map.  The  only 
direct  evidence  of  a  channel  or  vent  leading  to  this  sheet  of  porphyry  from 
below  is  at  White  Ridge,  the  point  where  it  occurs  in  maximum  thickness, 
whence  it  might  be  assumed  to  have  spread  out  from  this  point  as  a  center 
of  eruption.  In  this  case  it  would  have  spread  ten  miles  from  its  center, 
gradually  thinning  out  from  1,500  feet  over  the  vent  and  500  feet  within  a 
mile  or  two  of  it  to  20  feet  at  the  farthest  point  observed.  The  recon- 
structed form  of  this  body,  as  shown  in  Section  F,  corresponds  to  that  of 
the  dome-shaped  bodies  in  the  Henry  Mountains,  described  by  G.  K.  Gil- 
bert1 under  the  name  of  laccolites.  Indeed,  it  is  evident  that  the  manner 
of  eruption  of  all  the  older  igneous  rocks  of  this  region  was  analogous  to 
that  of  the  Henry  Mountain  rocks,  although  the  amount  of  plication,  dis- 
location, and  subsequent  erosion  to  which  these  have  been  subjected  ren- 
ders it  more  difficult  to  reconstruct  accurately  their  original  form,  and  it  is 
probable  that  if  they  were  restored  they  would  be  found  to  want  the  regu- 
lar, symmetrical  shapes  he  describes.  The  large  dome-shaped  bodies  are 
rare,  but  relatively  thick  sheets,  one  above  another,  are  often  very  numer- 
ous ;  for  instance,  in  the  Ten-Mile  district,  just  beyond  the  northern  limits 
of  the  map,  the  outcrops  of  seventeen  were  observed  in  a  single  transverse 
section  across  an  estimated  thickness  of  less  than  15,000  feet  of  sediment- 
ary strata. 

Dikes.  —  Normal  dikes  in  the  sedimentary  strata  were  rarely  observed, 
and  wherever  the  sheets  cross  the  strata  transversely  it  is  usually  at  a  very 
low  angle.  In  the  Archean  formations,  on  the  other  hand,  the  older  rocks 
were  almost  invariably  found  in  the  form  of  narrow  and  rather  irregular 
dikes,  as  a  rule  not  over  fifty  feet  in  thickness,  the  principal  eruptions  being 
two  large  bodies  of  diorite,  whose  outlines  were  not  very  accurately  deter- 
mined. 

1  Geology  of  the  Henry  Mountains      Washington,  1877. 
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The  Archean  exposures  studied  in  this  region  were  once  covered  by 
portions  of  the  same  sedimentary  series  in  which  these  intrusive  sheets 
are  now  found.  It  may,  therefore,  be  assumed  that  the  form  of  the  chan- 
nels through  which  the  fused  masses  were  forced  up  into  the  overlying 
beds  is  fairly  represented  by  the  average  outline  of  these  dikes.  According 
to  this  reasoning  it  is  evident  that  the  channels  in  the  Archean  were  ex- 
tremely small  as  compared  with  the  extent  of  the  sheets  themselves,  and  were 
rather  in  the  form  of  the  narrow  fissure,  which  has  been  supposed  to  be  the 
source  of  so-called  massive  eruptions,  than  of  the  rounded  "necks,"  which 
have  sometimes  been  observed  as  the  actual  vents  of  volcanic  eruptions. 

Relation  of  form  to  composition.  —  In  comparing  the  relative  form  of  the  in- 
trusive bodies  with  the  composition  and  structure  of  the  rocks  which  com- 
pose them,  it  is  found  that  the  more  basic  the  rock  the  thinner  is  the  sheet 
and  the  greater  its  relative  extent  in  a  horizontal  direction.  It  is  true 
the  range  of  relative  acidity  in  this  region  is  not  the  very  widest,  the  White 
Porphyry,  whose  beds  are  relatively  the  thickest,  having  about  70  per  cent, 
of  silica,  while  the  hornblende-porphyrite,  which  occurs  in  the  thinnest  sheets 
and  at  the  same  time  with  relatively  great  horizontal  extension,  has  a  little 
over  56  per  cent,  of  silica.  Basalts  range  from  45  to  50  per  cent,  of  silica. 
.  The  great  sheet  of  White  Porphyry  has  an  estimated  thickness  of  1,500  feet  at 
the  point  of  its  supposed  intrusion  from  below,  and  the  least  thickness  ob- 
served is  20  feet.  The  Sacramento  Porphyry,  which  is  slightly  less  acid 
(having  65  per  cent,  of  silica)  and  whose  greatest  thickness  is  found  im- 
mediately adjoining  the  White  Porphyry  laccolite,  is  evidently  somewhat 
thinner,  being  probably  less  than  1,000  feet  at  its  maximum,  while  the  horn- 
blende-porphyrite sheet  of  Mosquito  and  Buckskin  gulches  is  found  in  a 
maximum  thickness  of  25  feet,  and  frequently  thins  to  6  feet,  or  even  less; 
yet  its  practical  continuity  over  considerable  areas  is  even  more  readily 
evident  than  in  the  case  of  the  larger  masses  of  quartz-porphyry.  A  more 
remarkable  instance  of  the  great  relative  area  of  a  basic  intrusive  sheet  is 
that  of  the  Whin  Sill,  in  Northumberland,  England,  which,  according  to 
Messrs.  Topley  and  Lebour,1  is  a  basaltic  intrusive  sheet,  that  has  been  traced 
with  unimportant  breaks  for  a  distance  of  75  to  80  miles  in  a  thickness  of 

'Quarterly  Journal  of  tho  Geological  Society,  XXXIII,  pp.  406-421,  1877. 
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about  seventy  feet.  It  occurs  in  the  Carboniferous  formation,  and,  like  the 
porphyrite  of  Mosquito  gulch,  while  apparently  following  a  given  bedding 
plane,  actually  changes  from  one  horizon  to  another  within  a  vertical  range 
of  about  seventeen  hundred  feet. 

It  is  apparent  from  the  above  facts  that  in  underground  flows  of  igneous 
rocks,  as  in  lavas  flowing  on  the  surface,  the  coefficient  of  extent  in  relation 
to  thickness  of  flow  is  a  function  of  the  relative  basicity  and  consequent 
fluidity  of  the  fused  mass. 

Amount  of  intrusive  force. —  In  studying  these  intrusive  sheets  one  is  forci- 
bly impressed  with  the  magnitude  of  the  force  exerted  during  the  intrusion 
of  the  lava,  which  here  seems  almost  capable  of  actual  measurement. 
Assuming  as  a  type  of  these  sheets  the  great  body  of  White  Porphyry 
above  the  Blue  Limestone,  it  is  seen  that  at  its  thickest  point  under 
White  Ridge  it  has  pried  open  the  strata  a  distance  of  about  fifteen 
hundred  feet  vertically,  since  that  estimated  thickness  of  White  Porphyry 
is  now  found  between  the  Blue  Limestone  and  the  overlying  Weber  Grits. 
The  fused  rock-mass  at  the  time  of  its  eruption  must  have  been  nearly  fluid 
enough  to  obey  the  laws  of  hydrostatic  pressure,  in  accordance  with  which 
the  force  applied  to  it  at  any  point  would  be  equally  distributed  throughout 
its  mass  and  equally  transmitted  in  every  direction  against  its  boundary 
walls.  As  long,  therefore,  as  it  retained  the  fluid  condition,  this  force  would 
be  expended,  not  only  in  raising  the  beds  immediately  over  the  vent,  but 
in  spreading  open  the  strata  at  as  great  a  distance  from  this  vent  as  the  fluid 
mass  could  penetrate.  The  fluid  condition  was  not,  however,  retained  indefi- 
nitely, but  the  mass  cooled  gradually,  and,  in  cooling,  became  solid  and  no 
longer  capable  of  transmitting  the  hydrostatic  pressure  ;  therefore,  the  force 
available  for  prying  open  the  strata  became  gradually  less  as  the  distance 
from  the  vent  increased,  and  the  distance  by  which  the  strata  were  forced 
apart  at  the  vent  may  be  assumed  as  the  measurement  of  the  maximum  force 
exerted.  It  has  been  seen  that  the  thickness  of  beds  above  this  horizon  to 
the  top  of  the  Cretaceous,  which  is  the  series  assumed  to  have  accumulated 
before  the  igneous  rocks  were  injected  or  intruded,  is  estimated  at  10,000 
feet.  It  is  possible  that  at  the  time  of  intrusion  these  beds  were  still  under 
water,  in  which  case  the  weight  of  the  water  should  also  be  added.  But 
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this  is  too  uncertain  a  matter  to  enter  into  even  so  crude  a  calculation  as 
the  present,  and  may  therefore  be  neglected.  The  average  specific  gravity 
of  these  beds  may  be  assumed  at  2.50,  as  the  upper  beds  were  probably 
somewhat  lighter  than  the  average  of  those  observed  in  this  region.  A 
cubic  foot  would  therefore  weigh  155.8875  pounds,  and  10,000  cubic  feet 
1,558,875  pounds,  which  is  the  theoretical  pressure  exerted  by  gravity  on 
each  square  foot  of  surface,  and  to  raise  this  1,500  feet  would  require  a 
force  of  2,338,312,500  foot-pounds  exerted  on  each  square  foot  of  surface. 

The  above  figures  are  to  be  considered  rather  as  an  indication  of  the 
magnitude  of  the  subterranean  forces  involved  than  an  actual  value  of  any 
particular  force,  since  the  assumptions  on  which  they  are  founded  cannot  be 
mathematically  proved.  For  instance,  on  the  contraction  theory  of  the 
folding  of  the  beds,  the  tangential  strain  to  which  they  were  already  sub- 
jected may  have  been  sufficient  to  produce  a  tendency  in  the  beds  them- 
selves to  split  apart,  and  thus  in  part  have  counteracted  the  theoretical 
pressure  exerted  by  gravity. 

Mathematical  demonstrations,  as  applied  to  geological  phenomena,  are 
at  best  of  very  doubtful  value,  owing  to  the  impossibility  of  obtaining  data 
or  measurements  of  an  exactness  that  may  be  considered  of  mathematical 
accuracy,  and  it  often  occurs  that  such  demonstrations,  which  undoubtedly 
display  a  high  order  of  mathematical  ability  on  the  part  of  their  author,  are 
comparatively  worthless,  or  even  misleading,  owing  to  his  assumption  of  a 
premise  which  cannot  be  proved  to  be  true. 

Source  of  intrusive  force. — What  may  have  been  the  impelling  force  which 
brought  the  fused  material  to  its  present  position  is  evidently  a  purely  specu- 
lative question,  and  therefore  hardly  appropriate  to  be  discussed  here.  What- 
ever it  may  have  been,  it  was  undoubtedly  of  the  same  nature  as  that  which 
has  caused  flows  upon  the  surface.  Much  ingenuity  has  been  displayed  by 
theoretical  geologists  in  discussing  the  source  of  volcanic  energy,  but  in 
the  present  stage  of  experimental  or  synthetic  geology  it  is  impossible  to 
find  direct  proofs  for  or  against  their  views.  The  theory  advanced  by 
Clarence  King  (op.  cit.)  is  among  the  latest,  and  is  deserving  of  considera- 
tion because  of  his  long  and  varied  field  experience.  It  may  be  stated  in  a 
crude,  brief  way  as  follows  :  Starting  with  the  assumption  of  a  solid  interior, 
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he  shows  that  the  increment  of  heat  and  the  increment  of  pressure  from 
the  surface  toward  the  interior  of  the  earth  are  not  the  same,  but  may  be 
expressed  by  two  curves  which  would  cross  each  other  at  a  given  depth. 
Under  normal  conditions,  by  the  time  the  temperature  in  depth  has  increased 
to  the  ordinary  fusion  point  of  rock  masses,  the  pressure  has  also  increased 
to  such  a  degree  as  to  raise  the  fusion  point  of  these  rock  masses,  so  that  it 
is  no  longer  possible  for  them  to  fuse.  This  he  considers  the  permanent 
condition  of  the  earth  below  the  point  of  junction  of  the  curves  of  temper- 
ature and  pressure.  Now,  if  for  any  reason  the  pressure  is  suddenly 
decreased,  as  it  would  be  by  the  removal  of  a  considerable  weight  of  rock 
from  the  surface  over  a  given  area,  and  if  this  removal  is  more  rapid  than 
the  change  of  temperature,  which  owing  to  the  low  conductivity  of  rocks 
must  be  very  slow,  fusion  would  set  in  and  a  subterranean  lake  of  molten 
rock  be  formed.  He  conceives  that  for  mountain  areas  the  removal  of 
large  amounts  of  rock  material  by  erosion  would  be  relatively  rapid  enough 
for  this  purpose.  Upon  the  thus  melted  mass  there  would  be  exerted  the 
pressure  of  the  rocks  above  it,  and  probably  also  an  additional  pressure  due 
to  expansion  of  its  own  mass  by  fusion,  which  would  force  the  liquid  magma 
toward  the  surface. 

Why  intrusive  and  not  surface  flows? The  next  question   that    Suggests    itself 

is-,  why  did  the  fused  masses  which  formed  the  older  rocks  stop  in  their  up- 
ward course  at  a  given  horizon  and  spread  out  there,  instead  of  continuing 
on  upwards  to  the  surface,  as  did  the  more  recent  flows  I  Was  it  owing  to 
a  difference  in  the  chemical  composition  of  the  magmas  from  which  either 
series  were  formed  or  to  a  difference  in  the  quality  and  amount  of  the  im- 
pelling force,  or,  again,  to  a  difference  in  the  resistance  offered  by  the  rock 
masses  through  which  they  passed  ?  The  first  of  the  three  alternatives 
may,  it  would  seem,  be  at  once  answered  in  the  negative,  since  the  same 
range  in  ultimate  chemical  composition  is  found  in  intrusive  rocks  as  in 
recent  lavas.  The  distinction  that  petrographers  have  claijned  to  find  be- 
tween the  older  or  intrusive  rocks,  as  a  class,  and  the  recent  lavas,  depends 
on  internal  structure  and  the  arrangement  of  the  mineral  constituents,  while 
they  acknowledge  that  the  chemical  composition  of  the  two  classes  may  be 
practically  identical.  In  this  region  White  Porphyry  and  Nevadite  among 
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the  acid  types  of  the  two  classes,  and  hornblende-porphyrite  and  hyper- 
sthene-andesite  among  the  more  basic,  are  almost  identical  in  chemical  com- 
position.1 The  loci  of  eruption  in  either  case  are  not  more  than  ten  miles 
apart,  and  yet  in  one  instance  the  molten  material  congealed  at  a  depth  of 
over  ten  thousand  feet  and  in  the  other  at  the  very  surface ;  and  the  result- 
ing rocks  are  distinct  varieties,  differing  more  in  the  case  of  the  basic  ones, 
where  composition  is  more  closely  alike,  than  in  the  acid. 

In  a  discussion  of  the  origin  of  a  certain  group  of  laccolites,  an  argu- 
ment has  been  made  in  favor  of  the  theory  that  their  laccolitic  or  intrusive 
character  is  dependent  on  the  density  of  the  eruptive  magma  (which  is  neces- 
sarily a  function  of  its  chemical  composition) ;  that  the  molten  mass  would 
stop  in  its  upward  progress  through  the  sedimentary  strata,  when  it  had 
reached  a  point  at  which  the  average  density  of  the  rocks  below  it  was 
greater  than,  and  that  of  the  rocks  above  it  less  than,  its  own  average 
density.  This  argument  is,  however,  materially  weakened  by  the  instability 
of  some  of  the  premises.  First,  it  is  assumed  that  the  density  of  laccolitic  or 
intrusive  rocks  is  less  than  that  of  erupted  lavas.  Even  should  this  prove 
to  be  true  of  that  group,  it  would  not  be  a  sufficiently  wide  basis  on  which 
to  found  a  generalization  for  laccolitic  or  intrusive  bodies  as  a  whole.  Sec- 
ondly, the  data  used  in  support  of  a  necessary  condition  of  this  argument, 
namely,  that  "the  acidic  rock  of  the  laccolites  must  have  been  heavier  in 
its  molten  condition  than  the  more  basic  rock  of  the  neighboring  volcanos," 
are,  as  the  author  acknowledges,  insufficient,  even  if  trustworthy.  Aside 
from  the  value  of  this  argument  as  such,  however,  the  facts  observed  in  this 
region,  as  mentioned  above,  afford  a  direct  proof  of  observation  against  it. 
Moreover,  as  no  chemical  analyses  of  the  rocks  of  this  jrroup  of  laccolites 
were  made,  it  is  by  no  means  impossible  that  they  are,  as  a  class,  much 
less  acid  than  the  author  supposed. 

Whether  or  not  there  was  a  difference  in  the  impelling  force  in  the  case 
of  intrusive  sheets  and  of  surface  flows  is  a  purely  speculative  ques- 
tion, for  which  no  direct  evidence  can  be  obtained.  It  might  perhaps  be 
argued  that,  if  the  magma  from  which  each  of  these  series  was  formed 
originated  at  essentially  the  same  position  within  the  eaith's  crust,  it  would 

'See  analyses  1  and  9  and  5  ami  10,  Table  I,  Appendix  H. 
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have  required  about  the  same  amount  of  force  to  bring  the  earlier  intrusions 
to  their  place  of  consolidation,  10,000  feet  below  the  surface,  that  it  did  to 
bring  the  later  flows  to  the  surface  after  the  10,000  feet  of  superincumbent 
strata  had  been  removed  by  erosion. 

In  regard  to  the  third  alternative,  it  seems  that  a  part  at  least  of  the 
reason  for  the  stoppage  of  the  intrusive  magma  at  its  present  position  may 
be  found  in  the  resistance  to  its  passage  offered  by  the  sedimentary  strata. 
If  it  were  a  question  only  of  the  porphyry  sheets  above  the  Blue  Limestone, 
it  might  be  assumed  that  the  Weber  Grits  offered  some  special  conditions 
of  impenetrability;  but,  in  point  of  fact,  although  intrusive  sheets  are  almost 
always  found  at  this  horizon  in  the  Mosquito  region,  they  also  occur  at 
many  other  horizons,  both  above  and  below.  While  it  cannot  be  main- 
tained, therefore,  that  any  particular  bed  offered  special  resistance  to  the 
passage  of  the  fused  mass,  it  is  not  only  evident  a  priori,  but  supported  by 
observations  of  many  of  the  transverse  sheets  and  dike-like  bodies,  that  a 
continuous  and  unbroken  horizontal  rock  stratum  would  offer  more  resist- 
ance than  one  that  was  inclined,  broken,  or  fissured.  The  molten  rock-mass 
would  naturally  seek  joints  or  fault  planes,  or,  in  default  of  these,  follow 
the  lines  of  least  resistance  along  bedding  planes.  That  the  intrusive  bodies 
are  not  found  following  the  planes  of  the  great  faults  of  this  region  would 
in  itself  be  a  sufficient  proof,  were  none  other  available,  that  these  faults 
are  subsequent  to  the  intrusion  of  the  older  igneous  rocks.  Taken  as  a 
whole,  it  seems  evident  that  the  upward  passage  of  a  molten  stream  would 
be  much  more  impeded  in  a  series  of  horizontal  and  comparatively  unbro- 
ken strata,  such  as  are  supposed  to  have  existed  here  at  the  time  of  the 
intrusion  of  the  older  rocks,  than  it  would  be  after  they  were  uptilted,  flexed, 
and  dislocated,  as  they  were  at  the  time  of  the  eruption  of  the  younger 
series.  In  the  case  of  each  of  the  three  larger  masses  of  true  eruptive  rocks 
of  the  region,  viz,  those  of  Chalk  Mountain,  of  Black  Hill,  and  of  Buffalo 
Peaks,  wherever  the  sedimentary  strata  are  visible  in  close  connection  with 
the  eruptive  mass  they  are  seen  to  be  standing  at  a  very  steep  angle  and 
the  eruptive  mass  has  apparently  flowed  over  their  basset  edges. 

internal  structure — From  this  point  of  view  the  division  of  the  igneous 
rocks  of  the  region  is  also  well  marked,  although   it  is  in  the  nature  of 
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things  more  difficult  to  draw  a  sharp  and  definite  line  of  separation  than 
in  the  case  of  the  two  characteristics  already  discussed.  It  is  also  to  be 
remarked  that,  whereas  these  structural  distinctions  have  hitherto  been 
considered  to  be  essentially  a  function  of  the  age  of  the  rocks,  the  studies 
conducted  during  the  present  investigation  tend  rather  to  the  conclusion  that 
these  distinctions  are  primarily  dependent  on  the  manner  of  occurrence  of  the 
bodies,  or,  in  other  words,  the  conditions  under  which  they  consolidated, 
and  only  secondarily  on  their  age;  hence  that  the  age  of  a  rock  can  only  be 
relatively  and  not  absolutely  determined  by  its  internal  structure  and  petro- 
graphical  constitution.  The  details  of  the  microscopical  structure  of  the 
various  rock  species  are  so  fully  described  and  discussed  by  Mr.  Cross  in 
Appendix  A  that  only  a  few  of  the  more  prominent  characteristics  of  the 
two  types,  such  as  will  serve  to  correlate  them  with  those  of  other  regions, 
need  to  be  given  here.  The  older  series  are  either  entirely  granular,  or, 
where  porphyritic,  are  characterized  by  the  holocrystalline  structure  of 
the  groundmass  and  an  absence  of  isotropic  or  amorphous  material,  when 
examined  under  the  microscope. .  Many  of  the  orthoclastic  varieties  have 
extremely  large  crystals  of  that  feldspar,  which  give  a  striking  and  easily 
recognizable  appearance  to  the  rock  masses  ;  although  very  prominent 
in  Colorado,  this  peculiarity  can  hardly  be  regarded  as  an  essential  charac- 
teristic of  the  type.  They  are  not  vesicular  or  scoriaceous;  in  other  words, 
they  present  the  external  characteristics  of  a  rock  cooled  under  pressure. 
The  younger  type,  however,  while  in  exceptional  instances  almost  holo- 
crystalline, generally  contains  isotropic  material  or  actual  glass  substance. 
Its  orthoclastic  feldspars  are  essentially  sanidine,  it  may  be  vesicular  and 
scoriaceous,  and  in  general  carries  abundant  glass  inclusions  and  bears  evi- 
dence, either  in  its  structure  or  in  the  constitution  of  its  mineral  constituents, 
of  having  cooled  at  or  near  the  surface,  and  consequently  more  rapidly  than 
the  older  type.  In  the  Mosquito  region  there  is  apparently  a  definite  rela- 
tion between  age  and  relatively  granular  character  of  the  different  varieties 
of  either  type;  thus  White  Porphyry  is  the  most  thoroughly  granular  rock 
among  the  older  series,  and  Nevadite  among  the  younger.  Although  the 
relation  of  pressure  and  conditions  of  cooling  to  internal  structure  are  so 
marked  and  important  in  the  two  great  series,  or,  so  to  speak,  generically, 
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the  difference  of  internal  structure  in  a  given  species,  due  to  difference 
of  pressure,  is,  if  it  exists  at  all,  so  slight  as  to  escape  observation.  Thus, 
between  the  lowest  body  of  White  Porphyry,  which  occurs  in  the  Archean, 
and  the  highest,  which  is  near  the  top  of  the  Weber  Grits  (a  vertical  range 
of  about  three  thousand  feet),  no  essential  difference  in  internal  structure  was 
detected.  It  would  appear,  therefore,  that,  while  very  wide  differences  in 
the  conditions  of  cooling  may  produce  a  generic  difference  between  two 
series  of  rock  varieties,  the  internal  structure  of  a  given  variety  is  not 
dependent  on  those  conditions  alone,  but  that  the  species  possesses  certain 
essential  characteristics  of  its  own  which  are  dependent  on  other  factors. 

While  the  petrographical  studies  made  in  the  course  of  this  investiga- 
tion, forming  only  an  accessory  and  not  an  essential  part  of  it  and  being 
confined  to  a  limited  area,  are  not  sufficiently  complete  to  form  the  basis  of 
an  essential  change  in  the  classifications  hitherto  adopted,  they  point  decid- 
edly to  the  fast  approaching  necessity  of  some  essential  modification  in 
them.  Thus,  the  White  and  Lincoln  Porphyries  would  a  few  years  ago 
have  been  unhesitatingly  classed  by  petrographers,  from  a  study  of  their 
specimens  and  aside  from  any  field  observations  on  their  geological  relations, 
as  granite-porphyry  or  mica-granite,  and  probably  of  Paleozoic  or  early 
Mesozoic  age,  from  their  resemblance  to  well-known  rocks  of  that  age  in 
other  parts  of  the  world.  The  hornblende-porphyrites,  on  the  other  hand, 
might  from  the  same  standpoint  have  been  classed  as  Tertiary  andesites. 

Orthociastic  and  piagiociastic  rocks.  —  The  now  universally  adopted  chemico- 
rnineralogical  classification  (based  on  Tschermak's  classical  studies)  of  ortho- 
clastic  and  piagiociastic  rocks  is  one  which  presents  ever-increasing  difficul- 
ties of  application  with  the  progress  of  microscopical  and  chemical  investi- 
gation. In  the  present"  instance  the  older  rock  series  contain  relative  pro- 
portions of  orthoclase  and  plagioclase  feldspar,  often  so  evenly  balanced 
that  the  slight  variations  in  their  proportions,  which  may  be  found  in  differ- 
ent parts  of  what  is  apparently  the  same  mass,  would  be  sufficient  to  justify 
the  placing  of  the  same  rock  now  in  the  orthoclastic  division  now  in  the  piagio- 
ciastic. Again,  in  those  porphyries  in  which  the  orthoclastic  feldspars  have 
developed  in  large  individuals,  it  is  evident  that  so  much  orthoclastic  mate- 
rial has  thus  been  abstracted  from  the  groundrnassthat,  were  the  latter  taken 
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as  the  type  of  the  rock,  it  would  be  classed  as  plagioclastic,  while  in  the 
rock  as  a  whole,  or  in  those  varieties  in  which  the  large  orthoclases  have 
not  been  developed,  orthoclase  predominates.  It  is  apparent,  moreover, 
that,  owing  to  the  increased  facilities  which  the  microscope  now  affords  for 
the  detection  of  plagioclase  among  the  microscopical  constituents  of  a  rock, 
an  ever-increasing  number  of  rocks  hitherto  supposed  to  be  orthoclastic 
will  be  found  to  have  a  predominance  of  plagioclase  feldspars,  and  that,  if 
this  distinction  remains  without  modification  as  a  basis  of  classification,  the 
extent  of  rock  species  of  the  orthoclastic  type  will  become  more  and  more 
restricted  and  eventually  rather  rare.1 

Distribution  of  intrusive  rocks  in  the  Rocky  Mountains. The    older    and     intrusive 

series  of  rocks,  represented  in  this  region  by  the  porphyries,  porphyrites, 
and  diorites,  form  undoubtedly  a  very  large  proportion  of  the  igneous 
rocks  of  Colorado  and  adjoining  regions  which  have  hitherto  been  classed 
as  Tertiary  eruptives  or  as  eruptive  granites.  To  how  great  an  extent  they 
should  be  substituted  for  the  latter  on  the  existing  geological  maps  it  is  not 
yet  possible  to  determine  with  accuracy,  owing  to  the  incompleteness  or 
absence  of  characteristic  specimens.  An  opportunity  was,  however,  offered 
in  the  case  of  the  Henry  Mountains,  so  ably  described  by  Mr.  Gilbert,  who 
kindly  loaned  a  considerable  number  of  the  actual  rock  specimens  and 
sections,  upon  which  the  determinations  for  his  work  were  founded.  These 
were  submitted  to  Mr.  Cross  for  microscopical  examination,  several  new  thin 
sections  being  made  by  him  for  this  purpose.  The  results  of  his  investiga- 
tion, although  (owing  to  the  incompleteness  of  the  series  and  the  altered 
condition  of  many  of  the  specimens)  not  adequate  to  afford  a  complete 
characterization  of  all  the  rock  masses  found  there,  show  conclusively  that 
they  belong  to  the  same  structural  type  as  the  older  intrusive  rocks  of  this 
region.  Out  of  19  varieties  represented  by  specimens  or  thin  sections,  14 
were  found  to  correspond  very  closely  in  composition  and  structure  to  the 

'A  remarkable  instance  of  this  tendency  is  found  in  the  recent  review  of  rock  determinations  of  the 
fortieth  parallel  by  Messrs.  Hague  and  Iddings  (American  Journal  of  Science,  xxvii,  453, 1884),  which 
shows  that  in  the  vast  area  covered  by  that  survey  only  a  single  true  trachyte,  and  that  not  of  the 
most  characteristic  type,  was  observed,  although  iu  the  original  determinations,  made  iu  the  light  of 
the  best  petrographical  science  as  it  existed  twelve  years  ago,  these  rooks  were  supposed  to  form  a 
large  and  important  class  there. 
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hornblende-porphyrites  of  the  Mosquito  Range  and  3  differed  from  the 
Mosquito  rocks  in  containing  a  peculiar  development  of  augite  in  the  place 
of  hornblende.1 

Mr.  Gilbert  enumerates  various  isolated  groups  of  mountains  in  the 
plateau  region — the  Sierra  La  Sal,  Sierra  Abajo,  Sierra  El  Late,  and  Sierra 
Carriso — which,  from  the  description  of  geologists  who  have  visited  them, 
he  infers  to  be  true  laccolites.  He  also  infers  that  their  rocks  are  analogous 
to  those  of  the  Henry  Mountains,  which  is  very  likely  to  prove  true  in  so 
far  that  what  he  describes  as  porphyritic  trachyte  may  correspond  to  the 
porphyries  with  large  crystals  above  described.  His  further  generalization 
that  the  two  types  of  mountain  structure,  the  laccolitic  and  the  volcanic, 
necessarily  involve  two  chemical  types  of  rock,  the  one  acidic,  the  other 
basic,  is,  as  shown  above,  not  authorized  by  the  observed  facts.  It  might 
fairly  be  reasoned  that  the  more  acidic  lavas,  when  intrusive,  owing  to  their 
greater  viscosity,  would  tend  to  form  thick,  dome -shaped  masses  like  his 
laccolites,  rather  than  basic  lavas;  but  even  this  tendency  is  not  without  its 
exceptions. 

It  is  the  intrusive  quality,  not  the  relative  acidity  or  basicity  of  the 
magma,  to  which  the  characteristic  structure  of  this  rock  type  is  due. 

Dr.  Peale2  has  further  extended  the  probable  development  of  intrusive 
bodies,  more  or  less  analogous  to  the  laccolites  in  form,  but  furnishes  no 
decisive  determination  of  their  petrographical  structure  or  composition 
From  specimens  seen  or  actually  collected  by  the  writer,  it  may  be  stated, 
however,  as  a  fact  about  which  there  can  be  little  question,  that  the  type 
of  intrusive  rock  represented  by  the  older  series  is  extensively  developed 
between  the  North  and  Middle  Parks,  in  the  Middle  Park,  and  between 
the  Middle  and  South  Parks,  that  it  forms  the  mass  of  Spanish  Peaks,  and 
occurs  in  enormous  developments  in  the  Gunnison  region,  where  the  vari- 
eties characterized  by  large  feldspars  cut  across  Cretaceous  strata.  Similar 
bodies  also  exist  beneath  the  more  recent  lavas  of  the  San  Juan  region, 
which  lends  probability  to  the  supposed  similarity  of  the  rocks  forming  the 
isolated  mountains  of  the  Sierra  El  Late,  Sierra  Carriso,  and  others. 

'Mr.  Cross's  detailed  description  of  tbese  rocks  will  be  found  at  theeud  of  Appendix  A. 
*"  On  a  peculiar  type  of  eruptive  rocks  in  Colorado."     Bulletins  United  States  Geological  and  Geo- 
graphical Survey,  Vol.  ill,  pp.  551-5C4. 
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Contact  metamorphism. — There  is  a  notable  absence  of  caustic  phenomena 
in  this  region,  either  on  the  inclosing  or  the  included  sedimentary  rocks  at 
their  contact  with  the  intrusive  masses,  such  as  are  generally  supposed  to 
accompany  the  eruption  of  igneous  rocks. 

In  the  case  of  such  numerous  and  large  bodies  they  might  naturally 
be  expected  to  be  exceptionally  frequent  and  well  marked,  since  the  eruptive 
masses  must  have  retained  great  heat  for  an  unusually  long  time  on  account 
of  the  depth  at  which  they  were  consolidated.  Perhaps  the  absence  of  any 
evidence  of  fusion  in  these  rocks  might  be  explained  on  this  very  ground, 
that  at  that  depth  the  pressure  was  so  great  that  the  fusion  point  was  con- 
siderably raised,  and  hence  a  temperature  sufficient  to  hold  in  a  molten 
condition  the  mixed  material  already  fused  would  be  insufficient  to  melt 
homogeneous  and  by  themselves  comparatively  refractory  rocks,  like  sand- 
stones and  dolomites.  However  this  may  be,  nowhere  was  any  evidence 
of  fusion  observed  in  the  sedimentary  rocks,  even  in  the  case  of  very  small 
fragments  entirely  included  in  the  eruptive  rock.  Even  in  the  dikes  of  por- 
phyrite  cutting  through  the  Archean,  in  which  inclosed  fragments  of  coun- 
try rock,  generally  of  small  size,  are  particularly  abundant,  neither  quartz, 
granite,  nor  gneiss,  of  which  these  fragments  generally  consist,  shows  any 
alteration  at  the  contact,  though  the  porphyrite  material  often  tills  small 
cracks  in  them,  showing  that  it  was  in  a  thoroughly  fluid  condition  at  the 
time  they  were  caught  up.  Such  alteration  as  was  found  could  more 
readily  be  ascribed  to  the  combined  action  of  heat  and  water  than  to  heat- 
alone. 

On  the  other  hand,  the  reflex  action  of  the  colder  sedimentary  rocks  on 
the  eruptive  mass  is  generally  noticeable,  and  is  such  as  is  ordinarily  found, 
showing  itself  in  a  fine-grained  or  even  compact  structure  for  a  few  inches 
or  more  from  the  contact,  and  in  a  somewhat  different  arrangement  of  the 
mineral  constituents  of  the  rock.  It  is  much  more  prominent  in  the  narrow- 
dikes  than  in  the  large  intrusive  sheets,  but  occurs  at  both  upper  and  lower 
contacts  of  the  latter,  and  may  also  be  detected  around  the  included  frag- 
ments. Even  in  these  cases,  however,  there  was  no  appearance  of  vitrifi- 
cation 
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Instances  of  regional  metamorphism  are  not  wanting.  Sandstones  are 
changed  to  quartzites,  dolomites  frequently  into  marbles  and  less  often  more 
or  less  serpentinized;  but  these  changes  cannot  be  assigned  to  the  direct 
action  of  heat,  since  they  are  in  no  sense  contact  phenomena.  Their  devel- 
opment is  local  and  irregular,  extending  over  considerable  areas,  where 
there  is  no  actual  contact  of  the  altered  beds  with  intrusive  rocks,  and,  on 
the  other  hand,  being  more  generally  absent  from  the  actual  contact  with 
these  rocks. 

Non-absorption  of  sedimentary  rocks  by  erup'.ive  masses. Another  important  obser- 

vation  in  regard  to  these  intrusive  bodies,  and  in  one  sense  a  corollary  of  the 
above  statements,  is  the  fact  that,  although  they  have  split  apart  and  pried 
open  the  sedimentary  strata  and  caught  up  or  entirely  surrounded  both 
large  and  small  fragments  of  sedimentary  rocks,  there  is  no  evidence  of 
their  having  absorbed  or  assimilated  within  themselves  by  actual  fusion 
any  portion  of  these  sedimentary  rocks;  certainly  not  any  considerable 
masses  thereof.  Not  only  are  there  no  relics  of  fusion  at  the  present  con- 
tact, as  there  necessarily  would  have  been  if  a  portion  had  already  been 
fused,  but  in  reconstructing  the  sections  on  actually  measured  profiles  there 
is  no  portion  of  the  sedimentary  strata  missing,  which  cannot  be  accounted 
for  by  erosion.  Along  the  contact  surface  the  fused  mass  has  cracked  off 
fragments,  often  quite  small,  which  have  consolidated  again  into  a  sort  of 
breccia ;  again,  the  thinner  sheets  have  sometimes  Itent  back  and  contorted 
a  stratum  of  limestone  or  quartzite  at  the  end  of  the  flow  or  as  it  crossed 
from  one  bed  to  another;  but  of  fusion,  as  already  stated,  there  is  no  sign. 
I  have  insisted  on  this  point  because  the  question  of  the  capability  of 
an  igneous  mass  to  absorb,  or  eat  up  as  it  were,  the  sedimentary  or  even 
already  consolidated  igneous  rock  through  which  it  passes,  is  one  which 
has  always  interested  me,  and  for  which,  in  a  field  experience  of  over  fifteen 
years,  largely  among  eruptive  rocks,  I  have  vainly  sought  for  demonstrable 
proof.  It  is  customary  among  geologists  to  draw  their  ideal  underground 
sections  of  igneous  masses  as  if  this  capability  were  unlimited,  and  geo- 
logical text-books  seem  to  tacitly  assume  that  it  is  so,  without  offering  an 
explanation  of  how  it  is  possible  or  the  grounds  on  which  the  assumption 
is  made. 
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So  far  as  I  know,  the  English  geologists  are  the  only  ones  who  have 
met  the  question  distinctly  and  have  brought  forward  instances  in  nature  to 
prove  that  igneous  eruptions  have  eaten  up  practically  unlimited  amounts 
of  sedimentary  rocks.  These  instances  are  the  so-called  granite  bosses  in 
Ireland  (Mourne  Mountains),  Scotland,  and  England  (Devon  and  Cornwall), 
cutting  through  upturned  Cambrian  and  Silurian  rocks,  which  are  compar- 
atively undisturbed  by  the  eruption  and  maintain  their  normal  strike  up  to 
these  granite  masses  on  either  side.1 

Professor  Geikie  goes  so  far  (op.  cit ,  p.  550)  as  to  ascribe  the  vari- 
ability in  composition  and  structure  of  intrusive  masses  to  involved  and 
melted-down  portions  of  sedimentary  rocks.  It  would  be  presumptuous  to 
doubt  the  correctness  of  the  field  observations  on  which  these  generaliza- 
tions are  founded,  and  yet  it  is  not  only  possible,  but  has  sometimes  come 
under  my  observation  that  a  granite  boss  has  been  found  protruding  through 
a  given  rock  or  series  of  rocks,  and  therefore  been  judged  by  the  geologist 
who  examined  it  to  be  younger  than  the  latter,  whereas,  in  fact,  the  reverse 
was  the  case,  and  the  latter  rock  had  been  deposited,  or  had  flowed,  around 
an  already-existing  granite  protrusion.  In  many  cases  it  is  difficult  to  obtain 
direct  proof  whether  the  protruding  or  the  inclosing  rock  is  the  older,  and 
in  such  a  case  the  probability  one  way  or  the  other  may  be  dependent  on 
this  very  question  of  the  capability  of  igneous  rocks  to  assimilate  large 
masses  of  sedimentary  rocks. 

A  case  in  point  is  the  granite  body  of  Little  Cottonwood  canon,  in  the 
Wasatch  Mountains,  of  which  a  section  some  seven  miles  long  has  been 
exposed  by  the  erosion  of  the  canon.  The  present  outcrops  of  the  body 
occupy  an  area  whose  dimensions  may  be  roughly  stated  as  7  by  15  miles ; 
and  a  thickness  of  some  5  miles  of  sedimentary  rocks  abuts  against  its 
northern  side,  the  upper  members  sweeping  round  and  in  part  covering  its 
eastern  portion,  and  continuing  southward  in  an  almost  horizontal  position. 
There  is  no  special  disturbance  of  these  beds  in  contact  with  the  granite ; 
so  far  as  observed,  they  follow  the  normal  dip  and  strike  induced  by  the 
dynamic  movement  of  the  region.  Neither  are  there  any  masses  or  fragments 
of  sedimentary  rocks  included  in  the  granite.  Regional  metamorphism  exist* 

'A.  Geikie:  Text  Book  of  Geology,  pp.  541  et  seq.     London,  188:3. 
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in  the  changing  of  sandstone  to  quartzite  and  of  limestones  to  marble,  but 
these  are  by  no  means  contact  phenomena,  and  occur  as  often,  if  not  oft- 
ener,  at  considerable  distances  from  the  granite  as  in  direct  contact  with  it. 
Porphyry  dikes  also  cross  the  sedimentary  strata  in  the  vicinity,  but  these 
have  no  more  necessary  connection  with  the  granite  than  have  the  neigh- 
boring bodies  of  volcanic  rocks.  They  are  not  direct  offshoots  from  it,  and, 
so  far  as  their  manner  of  occurrence  and  structure  go,  may  bear  the  same 
relation  to  it  that  the  porphyries  of  the  Mosquito  Range  do  to  the  Archean 
eruptive  granite.  When  I  examined  this  region  on  the  Exploration  of  the 
Fortieth  Parallel,  my  first  impulse,  guided  by  my  teachings  as  a  student  of 
geology,  was  to  consider  the  granite  an  intrusive  mass  cutting  Carboniferous 
strata ;  it  was,  however,  difficult  to  conceive  that  it  should  have  eaten  up 
over  five  hundred  cubic  miles  of  sedimentary  rocks  without  leaving  some 
more  definite  evidence  of  this  action  than  it  has.  This,  together  with  other 
considerations,  led  me,  after  a  careful  weighing  of  the  evidence,  to  the  view 
that  the  granite  must  have  been  erupted  in  Archean  time,  and  that  in  the 
ocean  of  the  Cambrian  and  subsequent  periods  it  formed  a  submerged  reef 
around  which  the  sedimentary  beds  were  deposited.  Professor  A.  Geikie,  the 
English  geologist,  whose  eminent  ability  none  can  recognize  more  full}"  and 
heartily  than  I  do,  after  a  visit  to  the  region,  occupying  only  a  few  days, 
decided  promptly  that  my  view  was  wrong,  and,  evidently  basing  his  opinion 
on  the  granite  bosses  of  his  own  country,  has  published  it  in  his  text-book1 
as  an  instance  of  Post-Carboniferous  granite.  While,  owing  to  the  necessa- 
rily hasty  character  of  reconnaissance  work  like  that  of  the  fortieth  parallel, 
it  is  very  possible  that  a  more  detailed  study  might  lead  us  to  modify  our  own 
views,  especially  in  regard  to  so  complicated  a  district  as  that  in  question, 
I  should  still  be  unwilling  to  admit,  even  at  the  instance  of  so  experienced 
a  geologist  as  Professor  Geikie,  that  the  Cottonwood  granite  can  be  Post 
Carboniferous,  even  if  my  only  reason  were  that  I  do  not  admit  the  possi- 
bility that  the  granite  had  eaten  up  or  assimilated  this  enormous  mass  of 
sedimentary  rocks  without  leaving  any  trace  of  fusion  on  the  adjoining 
rocks,  any  incompletely  assimilated  portions  within  its  own  mass,  or  with- 
out showing  in  its  own  structure  and  composition  any  marked  variation  from 
that  of  the  normal  rock. 


'Op.  cit.,  p.  646. 
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It  seeins  to  me  that  there  is  a  marked  distinction  between  the  meta- 
tnorphism  that  is  found  in  regions  where  igneous  rocks  abound  (and  which 
is  generally  admitted  to  be  the  result  of  the  combined  action  of  heat,  press- 
ure, and  water)  and  that  which  involves  the  entire  absorption  and  assimila- 
tion of  foreign  rock  masses  into  the  substance  of  the  igneous  mass  itself. 
The  former  in  its  extreme  phase  supposes  a  simple  rearrangement  of  the 
materials  of  a  rock,  a  change  in  their  form  without  any  essential  change  in 
their  chemical  composition,  and  involves  at  most  the  bringing  of  them  to  a 
viscous  state,  not  to  that  of  fusion.  The  latter  must  be  a  dry  process  and 
involves  a  fusion  of  the  foreign  materials  as  complete  as  thai  of  the  original 
magma  in  the  deep-seated  source  from  which  it  came.  For  fusing  the  500 
cubic  miles  of  sedimentary  beds  supposed  to  have  been  assimilated  by  the 
Cottonwood  granite  body  an  enormous  amount  of  heat  must  have  been 
abstracted  from  that  body.  Now,  to  have  this  amount  of  heat  to  yield  up, 
and  yet  to  be  able  to  maintain  itself  in  a  state  of  fusion  long  enough  to 
crystallize  in  the  same  way  that  it  would  without  this  addition  of  foreign 
material,  supposes  an  amount  of  original  heat  stored  up  within  its  mass 
that  ought  to  have  vitrified  some  of  the  rocks  through  which  it  passed. 
It  is  not  difficult  to  conceive  of  such  heat  in  the  deep-seated  source  from 
which  the  igneous  rocks  came,  but  that  it  should  still  exist  in  these  rocks 
when  they  have  reached  the  point  where  they  are  ready  to  solidify,  and 
which  may  be  assumed  to  be  near  the  limit  that  this  heat  would  carry  them, 
seems  highly  improbable.  The  only  cases  of  actual  vitrification  of  inclosed 
fragments  in  igneous  rocks  that  I  have  read  of  have  been  in  recent  volcanic 
rocks,  where  the  fragments  were  extremely  small. 

As  suggested  above,  the  pressure  under  which  the  intrusive  rocks  of 
the  Mosquito  Range  were  consolidated  would  necessitate  a  higher  tempera- 
ture to  produce  fusion.  In  the  case  of  the  Cottonwood  granite  the  pressure 
under  which  consolidation  took  place  and  the  consequent  temperature  of 
the  fusion  point  must  have  been  greater  still.  But  the  Mosquito  porphyries 
retained  a  very  fluid  condition,  and  therefore  a  temperature  higher,  as  com- 
pared with  the  fusion  point,  than  the  Cottonwood  granite,  for  a  very  long 
time,  since  they  were  spread  out  in  thin  sheets  and  ramifying  bodies  in 
every  direction  at  considerable  distance  from  the  central  mass,  while  the 


312  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADVILLE 

Cottonwood  granite,  as  far  as  can  be  seen,  formed  only  a  single  massive 
body  without  ramifications.  The  porphyries  must  therefore  have  had  more 
superfluous  heat  than  the  granite  to  devote  to  the  work  of  melting  np  the 
included  masses  of  sedimentary  rocks,  and  one  can  see  here,  as  one  cannot 
in  the  granite,  that  such  masses  were  actually  caught  up  and  included  in 
the  fused  rock.  It  would  be  fair  to  assume,  therefore,  that  in  this  case  rela- 
tively larger  amounts  of  sedimentary  rocks  would  have  been  fused  and  that 
the  evidence  of  such  fusion  would  be  more  apparent. 

In  the  present  condition  of  microscopical  investigation  we  may  trace  the 
development  of  one  mineral  from  another  and  detect  its  most  minute  altera- 
tion, either  by  fusion  or  by  chemical  interchange;  and,  had  any  of  these  sedi- 
mentary rocks  been  assimilated  into  the  igneous  mass,  it  would  seem  hardly 
possible  that  every  trace  of  the  process  should  have  escaped  our  observa- 
tion in  the  thousands  of  rock  sections  that  have  been  examined.  In  point 
of  fact,  however,  although  in  the  case  of  the  porphyrite  dikes  the  eruptive 
material  is  found  to  fill  minute  cracks  in  the  inclosed  fragments  of  Archean 
rocks,  there  could  be  detected  no  evidence  of  fusion  on  either  adjoining  or 
inclosed  sedimentary  rocks.  In  the  eruptive  rocks  themselves,  moreover,  the 
alterations  of  mineral  constituents  are  all  the  result  of  secondary  processes 
after  the  mass  had  fully  cooled  and  crystallized. 

The  testimony  of  the  chemical  composition  of  these  rocks  is,  so  far  as 
it  goes,  equally  opposed  to  the  supposition  that  foreign  matter  has  been 
assimilated  by  any  of  these  intrusive  bodies.  Of  White  Porphyry  too  few 
specimens  were  analyzed  to  afford  a  decisive  test;  but  it  is  to  be  remarked 
that  the  two  specimens  (see  Table  II,  Appendix  B)  which  show  an  abnor- 
mally high  percentage  of  silica  are  from  the  London  and  New  York  mines 
and  are  extremely  decomposed  and  altered,  a  secondary  action  which  has 
decreased  the  proportion  of  more  soluble  basic  constituents  and  correspond- 
ingly increased  the  percentage  of  silica.  Of  the  Lincoln  or  Gray  Porphyry 
six  specimens  from  different  bodies  show  an  average  of  68.08  per  cent,  of 
silica,  with  an  extreme  variation  from  this  average  of  2.63.  For  the  com- 
bined alkalies,  three  specimens  show  an  average  of  6.14  and  an  extreme 
variation  of  0.86;  and  for  lime  and  magnesia  combined,  three  specimens 
show  an  average  of  4.03,  with  an  extreme  variation  of  0.19. 
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The  Cottonwood  granite,  which,  on  the  supposition  advanced  by  Pro- 
fessor Geikie,  must  have  taken  up  an  enormous  amount  of  silica,  lime,  and 
magnesia,  shows,  however,  no  abnormal  amount  of  these  constituents  in  its 
composition,  which  is  that  of  a  normal  granite  rather  rich  in  plagioclase. * 

1  The  composition  of  this  granite,  as  given  in  Exploration  of  the  Fortieth  Parallel,  Vol.  II,  p. 
357,  is  as  follows : 


SiOa 71.78 

A13O3 14.75 

FeO 1.94 

MnO  . .  0.  09 


CaO  ............ 

MgO  ........... 


K2O 
Ignition 


2.36 
.  0.71 
.  3.12 

.     4.89 
.     0. 52 

100. 16 
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INTRODUCTION. 

The  eruptive  rocks  of  the  district  embraced  by  this  report  are  naturally  divisible 
into  two  groups,  according  to  age.  Although  the  age  of  neither  group  can  be  exactly 
defined  in  geological  time,  the  larger  and  more  important  one  is  unquestionably 
older  than  the  period  of  disturbance  which  produced  the  great  faults  and  folds  described 
in  other  parts  of  this  volume,  while  the  other  group  is  younger.  In  this  district,  rocks 
of  the  former  group  penetrate  the  Tipper  Coal  Measure  strata;  in  adjoining  regions 
they  occur  in  similar  manner  in  the  Trias;  and  masses  of  nearly  identical  character 
are  found  in  the  Cretaceous  of  districts  not  far  removed  from  the  Mosquito  Eange. 
The  conclusion  that  the  rocks  of  the  older  group  are  of  late  Mesozoic  age  seems  war- 
ranted by  all  that  is  known  concerning  their  occurrence.  In  regard  to  the  period  of 
dynamic  disturbance,  it  has  already  been  stated  in  Chapter  II  that  the  known  evidence 
places  it  at  the  beginning  of  Tertiary  time. 

It  is  plain,  then,  that  the  rock  groups  mentioned  might  be  considered  the  direct 
equivalents  of  the  Tertiary  and  Pre-Tertiary  divisions  of  many  writers,  but  it  is  thought 
best  to  refer  to  them  simply  as  the  older  and  the  younger  groups,  and  by  this  division 
it  is  intended  to  express  merely  the  actual  relationship  as  to  age  which  is  shown 
by  the  observed  occurrences.  The  question  concerning  the  possible  influence  of  age 
upon  the  structure  of  these  groups  cannot  be  fully  discussed  at  the  present  time, 
because  the  rocks  of  other  districts  in  Colorado,  the  study  of  which  has  been  under- 
taken, form  with  those  of  the  Mosquito  Range  a  connected  series,  requiring  a  correla- 
tion of  observations  upon  all  of  them  before  justifiable  conclusions  can  be  drawn. 

All  of  the  older  eruptives  and  some  of  the  younger  series  are  fully  crystalline, 
although  few  of  them  are  typical  granular  rocks,  and  the  structural  forms  presented 
are  such  as  render  advisable  some  statement  as  to  the  sense  in  which  the  terms  "  gran- 
ular" and  "  porphyritic"  are  used  in  the  descriptions  that  follow.  When  these  terms  are 
applied  with  the  old  and  natural  meaning,  to  designate  certain  universally  recognized 
rock  structures,  it  is  probable  that  the  groups  formed  by  the  application  will  be  prac- 
tically the  same,  whether  the  attempt  is  made  to  accurately  define  the  boundary  line  or 
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not.  All  consider  granite  as  a  typical  granular  rock;  and  tbat  rock  which  would  be 
cited  by  any  one  as  typical  of  the  porphyritic  structure  could  scarcely  be  placed  else- 
where under  any  existing  definition.  This  latter  assertion  is  at  least  true  now  that 
Roseubusch  has  withdrawn  his  earlier  definition,1  by  which  the  presence  of  some 
amorphous  matter  in  the  groundmass  was  made  essential  to  a  porphyry.  The  new 
ground  taken  by  Kosenbusch2  in  regard  to  the  essential  difference  between  the  gran- 
ular and  porphyritic  modifications  of  eruptive  rocks  seems  to  the  writer  open  to  some 
serious  objections,  although  the  great  value  of  many  of  the  points  so  clearly  presented 
must  be  gratefully  acknowledged  by  all.  While  a  full  discussion  of  the  question  can- 
not be  entered  upon  in  this  place,  the  chief  objections  to  the  new  definition  may  be 
briefly  stated. 

If  the  writer  correctly  understands  the  position  taken  by  Kosenbusch  in  his  essay 
upon  the  essence  of  the  granular  and  porphyritic  rock  structures,  the  latter  wishes  so  to 
redefine  the  terms  "granular"  and  "porphyritic"  that  they  shall  henceforth  indicate 
genetic  and  not  structural  relations.  It  is  claimed  that  the  typical  structures  hitherto 
designated  by  these  terms  have  their  origin  iu  the  history  of  each  individual  rock 
mass;  the  granular  rocks  having  come  to  complete  solidification  iu  the  course  of  what 
may  be  termed  a  single  phase;  the  porphyritic  types,  on  the  other  hand,  having  passed 
through  two  phases,  in  the  second  of  which  th«  groundmass  was  formed  —  the  matrix 
for  the  crystals  of  the  earlier  phase.  The  genetic  groups  thus  outlined  are  to  replace 
the  structural  ones,  while  the  terminology  is  to  remain  the  same. 

The  first  objection  to  be  raised  is  that  a  new  division  of  eruptive  rocks  accord- 
ing to  a  genetic  principle  does  not  in  any  way  destroy  the  purely  structural  groups 
already  existing,  even  if  the  divisions  produced  by  the  two  principles  are  exactly 
coincident  in  extent.  It  will  still  be  desirable  and  necessary  to  refer  to  rock  struct- 
ures independently  of  genetic  connections,  and  the  terminology  of  the  science  is  not 
simplified  but  rather  complicated  by  the  application  of  a  given  term  in  two  distinct 
senses.  Granular  cannot  be  logically  used  with  a  genetic  meaning  while,  at  the  same 
time,  it  is  desirable  to  apply  it  in  accordance  with  existing  usage  as  a  purely  struct- 
ural term.  In  the  second  place,  it  seems  a  matter  for  debate  as  to  whether  the  groups 
formed  on  the  new  principle  are  coincident  with  the  structural  ones.  If  not,  we  surely 
cannot  cover  them  by  a  single  definition,  nor  use  the  same  terms  in  their  description. 

That  the  new  definitions,  when  logically  applied,  do  produce  divisions  widely 
different  from  the  corresponding  structural  groups  is  well  illustrated  in  the  case 
brought  up  by  Eosenbusch  himself,  in  a  passage  of  which  the  following  is  a  free  trans- 
lation : 

If  we  follow  iu  thought  the  process  of  granite  formation,  we  reach  at  length  a  point,  after  the 
separation  of  ore-grains,  apatite,  zircon,  biotite,  hornblende,  or  angite,  and  a  part  of  the  feldspars, 
where,  between  the  ready-formed  mineral  particles  which  are  to  make  up  the  mass  of  the  rock,  a  very 
fluid,  acid  residue  remaius,  out  of  which  some  feldspar  and  quartz  are  yet  to  be  formed.  If  now,  through 
any  cause,  the  solidification  of  the  rock  be  suddenly  interrupted  at  this  point,  the  residue  will  solidify 
as  amorphous  substance  (it  might  under  certain  conditions  be  spherulitic  or  even  granophyritic)  and 
we  have  thus  a  granular  mixture  of  the  granite  minerals  (with  the  exception  of  quartz)  and  irregular 

1  Physiographic  der  massigen  Gesteine,  pp.  8fi,  87. 

'"Ueberdas  Wesen  der  kornigen  and  porphyrischeu  Structur  bei  Masseugesteinen."  Neues 
Jahrbuch  ftir  Mineralogie,  etc.,  II,  1,  1882.  ' 
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patches  or  particles  of  a  very  acid  glass — a  case  described  by  G.  voru  Rath  in  a  so-called  trachyte  from 
Monte  Amiata,  in  Tuscany.  Such  a  rock  can  only  be  designated  as  a  granular  rock  which  is  not  entirely 
holocrystalline.  On  the  other  hand,  if  the  rock  contains  quartz  among  its  crystalline  particles,  then  it 
may  no  longer  be  regarded  as  granular,  but  rather  as  a  porphyritic  rock.1 

According,  therefore,  to  the  new  rule,  strictly  applied,  we  may  have  a  granular 
rock  containing  glass.  In  the  case  cited  the  glass  is  described  as  in  isolated  particles; 
but  the  classification  could  not  have  been  different  had  it  appeared  as  a  base  holding 
and  cementing  together  the  mineral  grains,  neither  can  the  amount  of  this  glass  be 
restricted  under  the  considerations  which  gave  rise  to  the  definition.  A  rock  of  the 
orthoclastic  series,  containing  crystals  of  ore,  biotite,  apatite,  plagioclase,  and  some 
orthoclase,  imbedded  in  glass  or  microfelsite,  which  might  compose  more  than  half  of 
the  mass,  would  still  be  a  granular  rock,  while,  had  the  crystallization  proceeded  further 
and  some  quartz  been  added  to  the  other  minerals,  the  product  would  have  been  a 
porphyry.  Again,  iu  referring  to  the  observed  difference  between  diabase  and  gabbro 
resulting  from  the  formal  development  of  the  feldspars,  Eoseubusch  remarks  that  this 
difference  is  only  an  apparent  one,  if  the  essence  of  the  diabase  structure  be  considered 
as  lying  iu  irrelative  age  of  the  feldspars  and  not  in  their  form.2  Yet  this  formal  dif- 
ference still  exists  and  must  be  described;  but,  if  Roseubusch's  definitions  be  adopted, 
it  cannot  be  described  as  structure. 

These  instances  have  been  considered  somewhat  in  detail,  to  show  clearly  the  cor- 
rectness of  the  statement  that  Roseubusch  desires  to  replace  the  structural  groups  by 
purely  genetic  ones,  and  also  to  show  that  the  two  divisions  are  not  coincident  in 
extent.  In  regard  to  the  latter  point  it  seems  to  the  writer  that  it  may  fairly  be  ques- 
tioned whether  all  granular  rocks  are  the  result  of  one  phase  and  whether  ail  porphy- 
ritic rocks  have  required  two  phases  of  consolidation. 

Finally,  the  great  precision  aimed  at  by  Professor  Rosenbusch  iu  his  new  defi- 
nitions seems  to  be  unnatural.  Rock  groups  bleiid  insensibly  in  all  directions;  there- 
fore sharp  boundary  lines  are  arbitrary  and  undesirable. 

In  the  following  rock  descriptions  the  terms  "granular"  and  "porphyritic"  are 
used  in  the  purely  structural  sense.  Were  the  genetic  principle  applied  the  grouping 
would  be  the  same. 

1 "  Verfolgen  wir  in  Gedanken  den  Act  der  Grauitbildung  in  seiiiem  Verlaufe,  so  wird  uach 
Ausscheiduug  der  Erze,  Apatite,  Zirkone,  Biotite,  resp.  Amphibole  oder  Pyroxene,  und  eiues  Theils 
der  Feldspathe  ein  Stadium  eintreten,  wo  zwischen  den  ausgeschiedenen,  die  fertige  Hauptuiasse  des 
Gesteins  bildendeu  Gemengtheilen  in  unregelmiissigen  Partien  eingekleuimt  ein  sehr  acides  Magma 
vorhanden  ist,  aus  welchem  sich  der  letzte  Rest  der  Feldspathe  tind  der  Quarz  auszuscheideu  batten. 
Denken  wir  uns  nun  durch  irgend  welche  Ursache  an  dieser  Stelle  den  Bildungsprocess  des  Gesteins 
plotzlich  uuterbrochen,  so  wird  der  Rest  von  Mutterlauge  amorph  erstarren  (er  kouute  unter  Umstandeu 
auch  spbarolithisch,  ja  granophyrisch  erstarren)  und  wir  erhalten  so  ein  korniges  Gemenge  der  Granit- 
miiicralien  (mit  Ausnahme  des  Quarzes)  und  tmregelniassige  Brocken  uud  Partien  eiues  sehr  saurcn 
Glases — bekanntlich  ein  Fall  der  uach  G.  vom  Rath's  Beschreibung  bei  eiuem  sogenaunten  Trachyt 
vom  Monte  Amiata  in  Toscana  vorliegt.  Ein  solches  Gcstein  kann  nur  als  eiu  korniges  Gestein  mit 
nicht  ganz  holokrystalliner  Ausbildung  bczeichnet  werden. — Enthielte  dagegen  das  Gestein  uuter  den 
krystallinen  Ausscheidungen  auch  den  Quarz,  eo  ware  es  danu  iiicht  mehr  als  ein  komiges,  soudern  als 
ein  porphyrisches  zu  betrachten."  Op.  cit.,  p.  15. 

2"Wenn  man  das  Wesen  dtr  Diabasstructur  nicht  iu  der  Form,  sondern  in  dem  relativen  Alter 
der  Feldspathe  sieht."    Op.  cit.,  p.  8. 
MON  XII 21 
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Classification  of  Mosquito  Range  eruptives. — The  eruptive  rocks  Of  the  Mosquito  Range 

are  classified  as  belonging  to  the  following  groups : 

/  Quartz  porphyry. 
Older  .  .  )  Dioritc. 

'  Porpliyrite. 


Younger  { 
( 


Auilesite. 


For  the  reasons  given  iu  the  chapter  on  rock  formations,  the  possible  eruptive 
granites  of  the  Archean  areas  are  not  included  in  this  discussion.  It  is  at  once  noticed 
that  basic  eruptives,  such  as  diabase  or  basalt,  do  not  occur  in  this  region,  and  even  the 
andesites  above  mentioned  are  only  found  outside  the  area  mapped. 

Nearly  all  the  important  rocks  of  the  district  are  described  as  quartz-porphyry 
or  as  porphyrite.  Of  these  two  classes  there  are  several  marked  types,  and  they  are 
so  connected  by  intermediate  or  transition  forms  as  to  build  an  almost  complete  series, 
uniting  the  dissimilar  extremes.  The  treatment  of  these  rocks  in  the  present  chapter, 
which  has  been  revised  in  the  light  of  experience  gnined  in  adjoining  districts,  is  some- 
what different  from  that  at  first  adopted  ;  hence  a  few  minor  discrepancies  may  be  noted 
between  the  classification  here  given  and  that  indicated  by  the  coloring  of  the  map 
and  the  text  of  the  main  work.  The  map  was  engraved  and  colored  before  this  infor- 
mation from  other  districts  was  obtained,  and  could  not,  therefore,  bo  changed ;  the 
general  text  is,  however,  consistent  with  the  divisions  of  the  map.  The  inconsisten- 
cies alluded  to  are  really  of  but  little  moment,  as  they  relate  to  certain  more  or  less 
questionable  forms  near  the  line  between  quartz  -porphyry  and  porphyrite,  which,  taken 
by  themselves,  might  readily  be  differently  classed  by  different  persons.  The  changes 
are  introduced  here  for  the  sake  of  preserving,  as  far  as  possible,  a  uniform  system  in 
this  and  in  forthcoming  reports  on  adjoining  districts. 


OLDER  ERUPTIYES. 

QUARTZ-PORPHYRY. 
MOUNT  ZION  PORPHYRY. 

This  rock  occurs  in  the  masses  of  Mount  Zion  and  Prospect  Mountain  and  is  des- 
ignated by  a  special  coloring  upon  the  detailed  Leadville  map,  while  it  is  united  with 
the  White  Porphyry  on  the  map  of  the  Mosquito  Range. 

In  structure  it  resembles  a  fine-grained  granite  at  first  glance,  there  being  but  few 
biotite  leaves,  with  occasional  feldspar  and  quartz  crystals,  which  by  reaching  a  diam- 
eter of  three  or  four  millimeters  become  conspicuous  in  the  mass  of  the  rock.  When 
the  rock  is  fresh  the  naked  eye  easily  distinguishes  many  quite  uniformly  small  quartz 
grains  imbedded  in  the  feldspar,  which  is  the  chief  constituent.  Biotite  is  uniformly 
but  sparingly  present  in  small,  irregular  leaves. 

Microscopical By  the  aid  of  the  microscope  the  following  constituents  are  found, 

named  in  order  of  their  formation:  Zircon,1  magnetite,  apatite,  biotite,  plagioclase, 
orthoclase,  and  quartz. 

With  a  low  power  of  the  microscope  the  chief  part  of  the  rock  is  found  to  consist 
of  an  irregular  granular  mixture  of  orthoclase  and  quartz,  the  latter  occurring  in 
roughly  rounded  grains  0.3mm  to  0.7mm  in  size,  which  often  seem  inclosed  in  the  more 
irregular  and  frequently  larger  grains  of  orthoclase.  The  presence,  in  almost  every 
grain  of  these  two  minerals,  of  plagioclase  inicrolites  having  a  prismatic  habit  with 
apparently  somewhat  rounded  terminations,  and  averaging  O.lmm  in  length  by  0.01mm 
to  0.03mm  in  width,  shows  their  coincident  formation.  These  microlites,  which  con- 
sist of  from  two  to  five  laminae,  are  very  numerous  and  form  the  most  character- 
istic constituent  of  the  rock.  Plagioclase  grains  occur,  corresponding  in  size  to  those 
of  orthoclase  and  quartz,  but  they  usually  show  some  crystal  outlines,  and  through 
their  freedom  from  the  microlites  the  correspondence  of  these  grains  to  the  larger, 
stout  crystals,  which  are  sometimes  4  millimeters  in  diameter,  seems  clearly  estab- 
lished. Tbe  total  absence  of  the  microlites,  the  difference  in  form,  and  the  larger 
angle  of  extinction,  reaching  in  some  observed  cases  20°  either  side  of  the  twinning 
plane,  show  plainly  that  these  crystals  represent  an  earlier  and  doubtless  more  basic 
variety  of  plagioclase  thau  the  microlites.  The  larger  crystals  are  not  abundant,  and 
are  seldom  prominent  in  the  hand  specimen.  Biotite  is  never  developed  in  crystal 

1  In  nearly  all  the  rocks  of  this  district  a  mineral,  presumably  zircon,  has  beeu  found.  Its  identity 
has  been  proven  iu  a  rock  from  the  Ten-Mile  district,  chemically  and  crystallographically. 
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form,  and  is  usually  much  altered.  The  three  accessory  minerals  are  sparingly  present, 
apatite  especially  so.  In  none  of  the  sections  examined  is  there  any  finer-grained 
interstitial  matter. 

Alteration — The  decomposing  agencies  acting  upon  the  Mount  Ziou  Porphyry  seem 
to  have  been  particularly  favorable  to  the  formation  of  Muscovite,  which  is  the  end  prod- 
uct of  the  alteration  of  the  biotite,  as  well  as  the  immediate  one  of  that  of  orthoclase 
and  plagioclase.  In  the  latter  two  minerals  the  process  takes  place  in  the  usual  way, 
and  in  the  extreme  decomposed  state  each  grain  and  inicrolite  not  wholly  inclosed  in 
quartz  is  replaced  by  a  brilliantly  polarizing  aggregate  of  minute,  colorless,  but 
lustrous  leaves.  In  the  case  of  the  biotite  there  are  visible  transition  stages.  Ore 
particles  and  yellow  needles  (rutile  ?)  are  first  formed,  aud  the  biotite  passes  into  a 
yellowish-brown,  faintly-polarizing,  unknown  substance,  which  soon  gives  way  to  a 
mica  indistinguishable  from  the  product  of  the  adjoining  feldspars.  Occasionally 
pure  leaves  of  muscovite  are  found  in  quite  fresh  rock,  but,  as  they  always  increase  in 
quantity  in  more  decomposed  specimens,  their  secondary  origin  is  probable.  No  other 
secondary  product  of  importance  remains,  in  the  advanced  stages  of  decomposition. 
Specimens  of  Mouut  Zion  Porphyry  which  are  bleached  through  the  disappearance 
of  the  biotite  become  indistinguishable  from  White  Porphyry.  (See  p.  7G.) 

WHITE   OR  LEADVILLE   POBPHYEY. 

On  account  of  its  relation  to  the  ore  bodies,  its  peculiar  mode  of  occurrence,  the 
large  area  in  which  it  is  found,  aud  its  petrographical  interest,  the  White  Porphyry 
must  be  regarded  as  the  most  important  eruptive  of  the  district,  and  it  will  be  described 
in  considerable  detail. 

Macroscopical — In  its  most  typical  form  it  is  a  nearly  white,  compact  or  finely 
granular  rock,  which  at  first  glance  seems  to  be  homogeneous,  but  under  close  exami- 
nation usually  discloses  a  number  of  small  feldspar  crystals,  and,  scattered  irreg- 
ularly through  the  mass,  not  unfrequeutly,  double  pyramids  of  quartz.  Hexagonal 
crystals  of  dark  brilliant  muscovite  may  occasionally  be  seen,  but  this  is  probably 
secondary,  as  are,  very  certainly,  the  clusters  of  pearly  leaves  of  the  same  mineral, 
which  are  characteristic  of  the  rock  in  some  places,  as  in  California  gulch,  on  Lamb 
Mountain,  an.l  in  the  intermediate  region.  The  total  absence  of  biotite  aud  bisilicates 
makes  the  rock  seem  dull  white,  except  when  stained  by  secondary  iuliltration  prod- 
ucts, aud  decomposition  in  the  ordinary  way  only  makes  the  rock  seem  more  homo- 
geneous aud  compact  than  before.  Upon  the  contact  with  the  wall-rock  or  iu  some 
of  the  more  narrow  dikes  the  White  Porpyhry  is  found  to  contain  more  numerous 
crystals  of  quartz  and  feldspar,  imbedded  in  a  very  compact  groundmass  [235].' 

Through  decomposition  the  rock  assumes  iu  some  places  a  granular  appearance, 
as  if  composed  of  small,  worn  grains,3  but  no  corresponding  microscopical  structure 
can  be  seen. 


1  The  collectiou  numbers  of  particular  specimens  will  be  inclosed  in  brackets. 

2  The  structure  referred  to  is  illustrated  by  specimens  from  the  StoauiiiH  O'Brien  [:tt],  Robert  Emmet 
[33a],  Little  Pittsburgh  [32a],  and  Katie  [33c]  claims. 
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Microscopical — The  essential  constituents  of  the  White  Porphyry  are  plagioclase, 
orthoclase,  and  quartz,  developed  in  a  remarkably  uniform-grained  mass,  in  which  lie 
occasional  crystals  of  one  or  more  of  the  same  minerals.  Orthoclase  seems  to  pre- 
dominate, but  never  very  greatly,  and  the  chemical  analysis  confirms  this  view.  Com- 
pared with  the  Mount  Zion  Porphyry,  it  is  found  that  plagioclase  occurs  also  in  microlitic 
forms,  but  less  alnmdantly,  and  in  some  of  the  more  compact  modifications  may  be  wanting. 
Biotite,  which  was  present  in  the  Mount  Ziou  rock,  has  never  been  seen  in  any  of  the  nu. 
merotis  specimens  of  White  Porphyry  collected,  nor  was  it  ever  noticed  in  the  field,  not- 
withstanding the  fact  that  much  of  the  rock  seems  quite  fresh,  judging  from  the  condi- 
tion of  the  feldspars.  As  the  White  Porphyry  seems  in  all  other  respects  to  be  very 
closely  allied  to  the  variety  mentioned,  it  is  to  be  particularly  noted  that  many  of  the 
muscovite  leaves  are  found  to  contain  yellowish  needles  (rutile?)  or  stout  crystals  (ana- 
tase  ?)  directly  comparable  to  those  resulting  from  the  decomposition,  of  biotite  in  the 
Mount  Zion  and  other  porphyries.  It  is  therefore  probable,  in  spite  of  the  singular 
absence  of  intermediate  alteration  products,  that  a  part  of  the  muscovite  in  the  White 
Porphyry  came  from  biotite.  Magnetite  is  found  very  rarely,  and  apatite  scarcely 
more  frequently,  while  zircon  in  minute,  brilliant  crystals  is  quite  abundant. 

The  size  of  the  grains  is  sometimes  but  little  below  the  power  of  vision  of  the 
naked  eye,  and  they  might  frequently  be  distinguished  were  it  not  for  the  decom- 
position of  the  feldspars.  In  numerous  instances,  however,  usually  in  dikes  or  con- 
tact specimens,  but  sometimes  in  large  masses,  the  texture  becomes  so  fine  that  it 
is  beyond  the  power  of  the  microscope  to  identify  separate  granules  as  quartz  or  feld- 
spar, and  the  mass  thus  becomes  cryptocrystalline.  In  all  such  cases  the  structure 
remains  evenly  granular,  there  being  no  tendency  towards  a  development  of  indistinct 
fibrous  matter,  nor  does  any  portion  appear  amorphous,  or,  more  correctly,  isotropic. 
A  few  minute,  irregular  inclusions  are  usually  visible  in  the  larger  quartz  grains,  some 
of  them  being  undoubtedly  fluid,  while  the  others  are  not  recognizable.  No  glass  is 
determinate,  and  the  minute,  dark  interpositions  in  the  feldspar  are  probably  second- 
ary— forerunners  of  the  coming  decomposition. 

Alteration. — Here,  as  in  the  Mount  Zion  rock,  the  conditions  have  favored  the 
production  of  muscovite  from  all  changeable  constituents.  Only  in  comparatively 
rare  cases  do  calcitc  and  kaolin  appear.  Many  of  the  specimens  collected  are  very 
much  altered  and  show  when  examined  in  polarized  light  under  the  microscope  a 
number  of  irregular  quartz  grains,  imbedded  in  a  brilliant,  variegated  mass  of  minute 
muscovite  leaves.  Little  aggregates  representing  the  original  rnicrolites  of  plagioclase 
penetrate  the  quartz  grains  in  every  direction.  It  is  owing  to  this  decomposition  that 
the  quartz  is  ordinarily  invisible  in  hand  specimens,  as  the  muscovite  leaves  envelope 
each  grain  so  closely  that  fracture  does  not  separate  them.  The  leaves  of  muscovite 
are  so  very  small  that  the  characteristic  luster  is  seldom  detected  without  close  exam- 
ination. 

Chemical  composition  of  Mount  Zion  and  White  Porphyries. — Analysis  I,  below,  was 
made  by  L.  G.  Eakins,  upon  a  fresh,  specimen  of  Mount  Zion  Porphyry  from  the 
Little  Harry  shaft,  Prospect  Mountain  [24a].  Analysis  II  by  W.  F.  Hillebrand, 
upon  a  typical  specimen  of  White  Porphyry  from  the  quarry  in  California  gulch  at 
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the  southwest  base  of  Iron  Hill  [27p].  The  specimen  is  no  longer  fresh,  but  it  is  not 
in  an  advanced  stage  of  decomposition.  It  was  taken  as  a  representative  of  the 
main  sheet  near  Leadville. 


I. 

II. 

SiOj                 

73.50 

70.74 

AliOj     

14.87 

14.68 

FejOs                      

.95 

.  C,!l 

FoO          

.42 

.58 

MnO      

.03 

.06 

CaO                               

2.14 

4.12 

BaO                  

.03 

SrO             

Trace 

Trace 

MgO  

.29 

.28 

KjO                    

3.56 

2.59 

XaiO 

3  46 

2.29 

njO                      .  -- 

.90 

2.09 

co>          .  .       

2.14 

Cl 

P»Os 

Tot«l                

100.  12 

100.29 

2.680 

The  specific  gravity  of  II  was  taken  at  1G°  C.  By  special  test  in  the  White 
Porphyry  a  very  small  amount  of  lead  was  found,  =  0.003  per  cent,  of  PbO  (Part  II, 
Chap.  VI).  No  CO2  was  found  in  I;  that  in  II,  taken  together  with  the  increased 
percentage  of  CaO,  indicates  the  presence  of  calcite,  which  is  probably  an  infiltration 
product,  as  there  are  dolomite  bodies  in  the  neighborhood.  The  close  agreement  of 
these  analyses  is  such  as  might  have  been  expected  from  the  preceding  descriptions 
and  confirms  the  views  expressed  as  to  the  close  relationship  of  the  two  rocks. 

PYBITIFEEOUS  PORPHYRY. 

This  porphyry,  so  called  on  account  of  the  remarkable  amount  of  pyrite  invari- 
ably found  disseminated  through  its  mass,  owes  its  importance  principally  to  its  sup- 
posed connection  with  the  ore  deposits  of  Leadville. 

Its  geographical  extent  is  limited  to  the  district  shown  upon  the  map  of  Leadville 
and  vicinity,  where  it  seems  to  occupy  a  stratigraphical  position,  which  to  the  north 
is  filled  by  the  Gray  and  to  the  east  by  the  Sacramento  Porphyry.  From  the  latter  it 
is  distinguished  in  field  appearance  by  its  almost  universally  decomposed  condition, 
and  in  its  constituents  by  a  relatively  small  proportion  of  plagioclase ;  from  the  for- 
mer, in  addition,  by  the  absence  of  large  crystals  of  orthoclase,  and  from  both  by  the 
want  of  hornblende. 

As  a  type,  will  be  taken  the  unusually  fresh  rock  occurring  in  White's  gulch 
between  the  Printer  Girl  and  Golden  Edge  claims  [87].  It  has  a  distinct  porphy- 
ritic  structure,  showing  numerous  white  feldspar  crystals,  with  quartz,  biotite,  and 
pyrite  as  other  recognizable  constituents.  Altered  feldspars  are  nearly  indistinguish- 
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able  from  the  white  grouudniass,  and  plagioclase  is  but  seldom  ideutiflable  with  the 
naked  eye.  There  are  no  large  feldspar  crystals,  as  in  the  Gray  Porphyry.  Quartz 
occurs  most  frequently  in  irregular  fragments  and  rarely  contains  bays  of  the  ground- 
mass.  Biotite  appears  in  distinct  leaves,  usually  altered  to  a  green  chloritic  substance. 
Through  a  nearly  parallel  arrangement  of  its  leaves  a  stratified  appearance  is  pro- 
duced in  some  cases.  Before  disintegration  of  the  rock,  the  place  of  the  biotite  is 
often  occupied  by  ocher  derived  from  the  decomposition  of  pyrite.  The  latter  mineral 
is  scattered  through  the  whole  rock,  but  concentrated  upon  fissure  planes  by  secondary 
processes.  Galena  appears  locally  in  small  quantity,  but  only  on  fissure  planes.  Some 
specimens  contain  irregular  fragments  of  other  rocks,  chiefly  qnartzites  of  the  Weber 
Grits  formation. 

Microscopical — No  additional  origiual  constituent  is  shown  by  the  microscope,  with 
the  exception  of  minute  crystals  of  zircon.  Apatite,  so  seldom  wanting  in  rocks  of  this 
class,  has  not  been  identified  in  the  Pyritiferous  Porphyry.  Pyrite  takes  the  place  of 
magnetite  and  seems  to,  be  an  original  constituent.  Its  particles  are  included  iu  quartz 
and  appear  iu  arms  of  the  grouudmass,  which  penetrate  or  separate  quartz  grains. 
It  is  also  seen  imbedded  iu  biotite  and  is  scattered  through  the  groundinass  iu  the 
manner  characteristic  of  the  original  ore  minerals  in  similar  rocks.  Few  of  the  feld- 
spars are  entirely  fresh  and  most  of  them  are  replaced  by  very  fine  aggregates  of 
muscovite  or  kaolin.  Plagioclase  is  identifiable  iu  rare  cases  and  was  undoubtedly 
much  subordinate  to  orthoclase  in  the  fresh  rock.  In  the  freshest  specimen  obtained, 
chemical  analysis  showed  4.62  per  cent,  of  potash  and  2.91  per  cent,  of  soda.  Quartz 
appears  iu  angular  grains  which  are  sometimes  fractured  and  show  parts  of  but  slightly 
difterent  optical  orientation,  separated  by  thin  arms  of  the  groundmass.  Fluid  inclu- 
sions are  abundant  in  many  grains,  usually  with  but  little  fluid,  while  empty  pores 
are  also  numerous;  but  none  of  glass  was  seen.  Biotite  is  altered  to  chlorite  or  allied 
products,  with  a  separation  of  yellow  needles  and  tabular  crystals,  presumably  rutile 
and  anatase,  respectively. 

The  groundmass  never  reaches  the  coarseness  of  grain  common  iu  other  porphy- 
ries of  the  region.  It  is  always  very  finely  and  eveuly  granular,  never  allowing  a  dis- 
tinction of  quartz  and  feldspar. 

MOSQUITO   POEPHYEY. 

This  type  of  quartz-porphyry,  found  in  several  distinct  bodies  and  exhibiting  iu 
all  a  marked  uniformity  iu  structure  aud  composition,  has  been  named  from  its  princi- 
pal observed  occurrence  in  the  North  Mosquito  amphitheater  [98].  All  the  bodies  are 
dikes  in  the  Archean,  and  besides  the  locality  mentioned  the  rock  was  seen  upon  the 
north  wall  of  Mount  Lincoln  [97]  and  in  Cameron  amphitheater  [96],  iu  the  latter  case 
penetrating  sedimentary  beds. 

It  is  a  light  gray  rock  of  flue  grain,  whose  most  prominent  constituent  is  quartz 
iu  clear,  irregular  grains,  which  seldom  exceed  0.5cm  iu  diameter.  Other  recognizable 
elements  are  biotite  in  small  leaves,  not  abundant,  and  minute  feldspars,  which  can 
scarcely  be  distinguished  from  the  light  groundmass.  A  brilliant,  black  ore  in  small 
specks  is  abundant.  Glistening  hexagonal  prisms  of  what  the  microscope  proves  to  be 
apatite  are  often  seen,  upon  close  examiuation. 
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Microscopical — Zircon,  ilmenite,  pyrite,  specular  hematite,  and  probably  magnetite 
are  present  in  small  quantity,  a  diversity  in  such  constituents  seldom  seen  in  rocks  of 
this  region.  Apatite,  noticeable  even  macroscopically,  is  developed  in  stout  prisms, 
with  many  minute  inclusions,  producing  the  dusty  appearance  often  described.  No 
other  rock  of  the  range  exhibits  a  similar  development  of  this  mineral. 

Biotite  is  shown  in  various  stages  of  decomposition,  chlorite  being  the  first  product, 
which  sometimes  gives  way  to  epidote,  or,  as  is  clear  in  many  cases,  to  a  micaceous  min- 
eral apparently  identical  with  the  muscovite  which  is  formed  from  adjacent  orthoclase. 
Accompaniments  of  this  change  are  yellow  needles,  presumably  rutile,  while  the  iron 
of  the  chlorite  either  is  carried  away  or  separates  out  in  glistening  black  ore  particles, 
thought  to  be  specular  hematite. 

Of  the  feldspars,  orthoclase  seems  to  predominate  slightly.  Plagioclase  is  pres- 
ent both  in  crystals  and  in  the  groundmass,  where  its  small  microlites  are  much  more 
prominent  than  usual.  Quartz  is  regularly  but  rather  sparingly  present  in  large 
grains,  seldom  showing  crystal  outline  and  containing  numerous  small  fluid  inclusions, 
while  none  of  glass  was  observed.  A  microcrystalline,  granular  mixture  of  quartz 
and  two  feldspars,  with  but  very  little  primary  mica,  makes  up  the  groundmass. 

Chemical  analysis  shows  68.01  per  cent,  of  silica,  4.36  per  cent,  of  potash,  and 
4.26  per  cent,  of  soda.  The  alkalies  are  rather  more  nearly  balanced  than  one  would 
suppose  them  to  be  from  the  microsc  >pical  examination. 

LINCOLN  PORPHYRY. 

This  rock  is  the  most  important  of  the  varieties  belonging  to  the  second  division 
of  the  quartz-porphyries  of  the  district,  namely,  those  in  which  the  porphyritic  structure 
is  macroscopically  very  plain.  It  has  been  called  the  Lincoln  Porphyry  from  the  fact 
that  it  is  best  developed  in  and  about  the  mass  of  Mount  Lincoln,  forming  the  extreme 
summit  of  that  peak,  and  in  this  once  important  mining  district  bearing  approximately 
the  same  relation  to  the  ore  deposits  which  near  Leadville  is  assumed  by  the  White 
Porphyry.  As  will  be  shown  later,  it  is  very  closely  allied  to  the  Leadville  Gray  Por- 
phyry and  has  intimate  connection  with  the  Eagle  River  Porphyry  and  other  rocks 
of  the  adjoining  district  upon  the  north.  In  the  following  description  will  be  con- 
densed the  observations  upon  twenty  specimens  collected  at  different  places.  Devi 
ations  from  the  type  rock  of  Mount  Lincoln  will  be  specially  noted. 

Macroscopicai. — The  essential  constituents  are  quartz,  orthoclase,  plagioclase,  and 
biotite,  all  occurring  in  distinct  crystals  and  imbedded  in  a  compact  groundmass  of 
varying  importance.  A  part  of  the  orthoclase  appears  in  large,  stout  crystals,  fre- 
quently two  inches  in  length,  usually  pinkish  in  color,  and  so  fresh  and  glassy  as  to 
resemble  markedly  the  sanidine  of  younger  rocks.  They  are  often  Carlsbad  twins 
and  contain  noticeable  inclusions  of  biotite  leaves.  For  most  occurrences  of  the  por- 
phyry these  large  orthoclase  crystals  are  eminently  characteristic,  though  their  (level 
oprnent  has  been  hindered  in  some  cases,  particularly  in  dikes  and  small  masses.  In 
some  of  these  instances  small  crystals  of  pinkish  color  are  plainly  more  numerous- 
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than  in  the  type  rock,  but  in  others  they  cannot  be  well  distinguished  from  the  tri- 
clinic  feldspar.  Plagioclase  is  always  very  abundant  in  white  individuals,  seemingly 
less  fresh  than  the  orthoclase,  although  a  striatiou  can  often  be  seen  on  the  basal 
cleavage  surfaces.  Biotite  occurs  in  small  hexagonal  leaves,  which  are  sparingly  but 
uniformly  scattered  through  the  whole.  They  are  seldom  fresh  and  usually  appear  to 
be  changed  into  a  green  chloritic  mineral.  The  quartz  appears  as  a  prominent  niacro- 
scopical  constituent,  showing,  as  a  rule,  a  development  of  pyramidal  planes,  to  which 
the  prism  is  occasionally  added.1  The  groundmass  is  dense  and  homogeneous  in  appear- 
ance, usually  grayish  in  color  in  fresh  rocks,  and  very  distinct.  Only  occasionally  does 
it  become  subordinate.  Ore  particles  are  plainly  distinguishable  in  it. 

Specimens  of  the  rock  obtained  from  exposed  surfaces  of  high  mountains  are 
usually  bleached  and  light-gray  in  color,  slightly  stained  by  hydrous  oxide  of  iron, 
while  in  tunnels  and  mine  workings  the  rock  is  generally  greenish  through  the  chlo- 
ritic decomposition  products  of  the  biotite. 

Microscopical  —  The  microscopical  examination  reveals  the  following  as  original 
constituents,  named  in  order  of  formation,  viz  :  Allanite,  zircon,  magnetite,  titanite, 
apatite,  biotite,  plagiodase,  orthoclase,  and  quartz.  All  the  minerals  named  occur  in 
more  or  less  perfect  crystal  form  and  are  imbedded  in  a  granular  groundmass,  consist- 
ing of  plagioclase,  orthoclase,  and  quartz.  The  amount  of  plagioclase  in  the  ground- 
mass  is  doubtless  small,  for  it  is  so  abundant  in  the  form  of  imbedded  crystals  that 
but  little  substance  could  have  remained  for  the  second  generation.  The  size  of  the 
grains  in  the  groundmass  is  so  small  that  one  cannot  well  distinguish  between  quartz 
and  orthoclase,  but  the  holocrystalline  nature  is  evident.  No  microfelsitic  or  glassy 
matter  has  been  found  in  any  rock  of  this  type. 

Of  the  accessory  constituents  the  most  noteworthy  is  allanite,  which  appears 
very  sparingly  but  constantly  in  this  and  other  rocks  of  the  Mosquito  Range  and 
adjoining  regions.  It  is  apparently  the  first  mineral  formed,  or  is  perhaps  contempo- 
raneous with  zircon,  these  two  minerals  penetrating  even  magnetite  and  apatite. 
During  the  first  study  of  these  rocks  the  nature  of  this  mineral  was  not  determined, 
but,  through  the  subsequent  detailed  investigation  of  a  similar  porphyry  of  the  Ten- 
Mile  mining  district,  enough  was  isolated  by  means  of  the  Thoulet  solution  to  allow  of 
chemical  analysis.  The  analysis,  made  by  W.  F.  Hillebrand,  was  not  completed,  owing 
to  accident,  but  it  established  the  presence  of  Ce  and  La  with  the  absence  of  Di,  while 
Fe2O3  and  SiO2  were  the  remaining  constituents  of  note.  At  about  the  same  time  Mr. 
Joseph  P.  Iddings,  of  the  TJ.  S.  Geological  Survey,  determined  the  same  mineral 
crystallographically  in  various  rocks  of  the  Great  Basin  in  Nevada.  As  a  rule 
the  allanite  is  seldom  macroscopically  visible  in  the  rocks  of  the  Mosquito  Range, 
while  it  is  quite  noticeable  in  those  of  the  Ten-Mile  region.  It  appears  in  small 
prisms  of  maximum  length  of  about  5mm,  has  a  brilliant  dark  resinous  luster,  and 
when  decomposed  stains  the  surrounding  zone  in  reddish-brown  shades.  The  chance 
sections  show  a  transparent,  yellowish-brown  mineral,  with  no.  distinct  cleavage. 
The  faces  developed  seem  probably  referable  to  oc  P,  co  Pee  ,  OP,  and  +  Poo  .  It 
is  often  twinned,  possibly  parallel  coP*  ,  as  by  epidote,  and  in  several  sections  which 


1  On  the  ridge  east  of  Hoosier  pass  the  outcrop  of  a  porphyry  sheet  is  marked  by  quartz  crystals 
which  have  weathered  out  of  the  underlying  rock  and  which  show  both  pyramid  and  prism. 
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seemed  to  lie  approximately  parallel  to  oo  P  <x  extinction  took  place  at  35°  to  38°  from 
the  vertical  axis.  Pleocbroism  distinct,  the  color  varying  from  light  to  dark  shades 
of  yellowish  brown. 

Zircon  is  abundant  in  minute  clear  crystals.  Fig.  3,  Plate  XXI,  shows  two  zircon 
crystals  of  characteristic  form  included  in  a  quartz  grain  of  a  Lincoln  Porphyry. 
Titanite  was  seen  in  but  one  or  two  specimens,  and  then  very  sparingly.  Magnetite 
and  apatite  occur  as  usual  in  such  rocks.  Biotite  frequently  includes  apatite  and  zir- 
con and  may  be  penetrated  by  allanite.  It  is  otherwise  interesting  from  its  altera- 
tion products,  which  will  be  discussed  below. 

The  plagioclase,  which  is  so  prominently  developed  in  crystals,  is  probably  an 
oligoclase,  judging  from  the  extinction  in  the  zone  perpendicular  to  the  lamina?,  the 
direction  being  always  within  the  limits  of  oligoclase.  Orthoclase  is  seldom  met  with 
among  the  crystals  of  medium  size,  being  present  in  larger  individuals  or  in  the  irreg- 
ular grains  of  the  grouudmass,  where  it  presents  nothing  noteworthy.  The  signifi- 
cance of  this  development  is  poiuted  out  later. 

The  large  quartz  grains  and  crystals  contain  a  few  fluid  inclusions  of  irregular 
shape,  and  bays  of  granular  grouudmass  penetrate  them  without  any  very  marked 
change  iu  texture  of  the  mass.  Glass  inclusions  are  very  rare  in  any  specimens  of  the 
Lincoln  Porphyry  and  never  have  been  noticed  in  the  type  rock  of  Mount  Lincoln. 
Quartz  crystals  have  frequently  exerted  an  influence  upon  grains  of  the  same  mineral 
in  the  adjoining  grouudmass,  which  have  within  a  narrow  zone  the  same  optical  orien- 
tation as  the  crystal.  There  is  110  regular  relation  of  the  quartz  to  the  orthoclase  within 
this  zone. 

Alteration. — Biotite  is  usually  more  or  less  altered  and  presents  different  products 
under  different  circumstances.  In  a  specimen  from  the  head  of  Clinton  gulch,  Summit 
County,  the  chief  product  is  a  micaceous  mineral,  seemingly  muscovite,  which  con- 
tains numerous  needles  of  rutile.  In  other  cases  chlorite  is  first  formed,  and  this  is 
also  accompanied  by  yellowish  needles,  or  by  irregular  paler  grains  of  undeterminable 
nature,  which  resemble  titauite  or  at  times  anatase.  Epidote  seems  to  replace  the 
chlorite,  or  in  other  cases  to  come  directly  from  the  biotite  without  any  intermediate 
stage.  The  feldspars  give  place  to  an  aggregate  of  muscovite  leaves  in  most  cases,  but 
calcite  is  frequently  seen  as  a  product  from  plagioclase  and  epidote,  also,  may  be  often 
found  resulting  from  the  alteration  of  the  tricliuic  feldspar.  As  in  some  of  the  other 
types  to  be  described  epidote  is  very  commonly  a  result  of  alteration  of  pure  feldspar, 
there  appears  no  good  reason  for  regarding  it  as  induced  by  the  presence  of  assumed 
inclusions  in  the  case  of  the  Lincoln  Porphyry.  Secondary  chlorite  is  sometimes 
deposited  throughout  the  groundmass,  giving  a  green  color  to  the  rock. 

GRAY   POUPHYRY. 

This  rock,  which  occurs  in  the  vicinity  of  Leadville,  is  the  nearest  relative  of  the 
Lincoln  type.  It  is,  however,  directly  connected  with  a  porphyry  which  has  its  chief 
vent  of  eruption  and  largest  masses  in  the  adjoining  region  to  the  north,  at  the  head- 
waters of  the  Eagle  River  This  latter  type  will  be  fully  treated  in  the  report  upon 
the  geology  of  the  Ten-Mile  district,  aud,  as  other  allied  rocks  can  there  be  drawn  into 
the  discussion,  the  present  description  will  not  go  deeply  into  a  comparison  of  types. 
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The  Gray  Porphyry  is  seldom  fresh,  as  it  occurs  in  the  region  adjacent  to  the 
ore  deposits,  where  agencies  of  alteration  have  been  active,  and  presents  usually  a 
greenish-gray  rock,  showing  numerous  crystals  imbedded  in  a  prominent  grounduiass. 
The  minerals  are  the  same  as  those  of  the  Lincoln  Porphyry,  viz.  large  orthoclase, 
small  and  numerous  plagioclase,  and  biotite  crystals.  In  the  mines  the  rock  is  so 
bleached  that  even  jvith  its  original  large  crystals,  it  is  not  easily  distinguished  from 
the  White  Porphyry.  The  quartz  contains  large  bays  or  penetrating  arms  of  the 
grouudmass. 

Microscopical.  —  One  never-failing  and  striking  peculiarity  of  this,  in  distinction 
to  the  Lincoln  type,  is  the  presence  of  outlines  of  a  former  constituent  of  the  rock,  which 
would  seem  to  belong  to  hornblende,  although  no  trace  of  that  mineral  in  fresh  condi 
tion  could  be  found.  These  outlines  are  usually  marked  by  dark  grains,  and  inclose 
a  fine  grained,  grayish  decomposition  product,  which  acts  very  feebly  in  polarized 
light.  They  are  not  wanting  in  any  slide  examined,  and  are  always  of  the  same 
appearance,  even  when  other  minerals  are  entirely  fresh. 

The  feldspars  of  the  Gray  Porphyry,  unlike  those  of  the  Lincoln  Porphyry,  con- 
tain numerous  fluid  inclusions,  which  are  generally  arranged  parallel  to  the  chief  cleav- 
age planes.  Besides  these,  there  are  many  irregular  interpositions,  either  devitrifled 
glass  inclusions  or  portions  of  the  groundmass  in  a  less  crystalline  state  than  it  now 
presents  in  the  main  mass  of  the  rock,  They  are  light  reddish-brown  in  color,  and  plen- 
tiful in  most  of  the  small  crystals.  Distinct  glass  inclusions,  although  not  noticed  in 
any  feldspars,  are  very  characteristic  of  the  quartz  grains.  They  are  often  sharply 
negative  crystalline  in  form,  and  sometimes  show  devitrification;  others  are  spherical, 
and  in  these  it  can  often  be  seen  that  from  opposite  poles,  which  probably  lie  in  the 
vertical  axis  of  the  quartz  grains,  cracks  penetrate  the  sphere  in  three  planes,  cutting 
each  other  at  about  60°.  If  the  sphere  be  cut  by  the  section  at  right  angles  to  the 
axis  uniting  these  poles  and  near  one  of  them,  there  results  a  delicate  six-armed  figure, 
which  appears  as  if  contained  in  the  quartz  itself.  The  groundmass,  though  holocrys- 
talline,  is  much  finer-grained  than  that  of  the  Lincoln  Porphyry,  and  shows  a  tendency 
to  an  irregular  intergrowth  of  quartz  and  feldspar. 

Occurrence. — Gray  Porphyry  is  quite  limited  in  distribution,  being  confined  to 
the  immediate  vicinity  of  Leadville,  and  to  the  region  northwest  of  that  point.  As 
.has  been  described  in  detail  (p.  80),  it  occurs  chiefly  in  one  large  sheet,  with  numer- 
ous offshoots,  and  the  large  sheet  has  been  directly  traced  to  a  connection  with  an 
immense  body  at  the  headwaters  of  the  Eagle  River.  The  hornblende  of  the  Gray 
Porphyry  is  considered  analogous  to  the  crystals  of  that  mineral  observed  in  small 
dikes  which  are  offshoots  from  the  Eagle  River  mass. 

Chemical  composition  of  the  Lincoln  and  Gray  Porphyries The  following  rock  analyses 

were  made  by  W.  F.  Hillebrand. 

I  is  of  Lincoln  Porphyry,  summit  of  Mount  Lincoln  [75].  It  is  quite  fresh  in 
appearance,  although  showing  some  muscovite,  calcite,  and  chlorite3  when  examined 
microscopically. 
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II  is  of  Gray  Porphyry,  Quota  shaft,  Johnson   gulch,  near  Leadville  [59a], 
fresh  appearing,  but  somewhat  altered,  with  the  same  products  as  in  the  former  rock. 
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2.638 

The  relative  amounts  of  soda  and  potash  indicate  an  abundant  soda-liine  feldspar. 
The  titanic  oxide  found  corresponds  to  the  suggestion  that  the  yellow  needles  in  the 
decomposed  biotite  are  rutile,  for  the  magnetite  does  not  give  signs  of  an  intermixture 
of  titanic  iron  through  its  alteration  products.  The  presence  of  strontia  in  determiua- 
ble quantities  is  unusual  and  worthy  of  note;  it  doubtless  comes  from  the  plagiochue. 
Instances  of  its  determination  in  rocks  are  rare,1  though  it  would  probably  be  found 
in  many  cases  if  sought  for. 

Although  the  large  pink  or  white  orthoclase  crystals  are  characteristic  of  most 
of  the  occurrences  referred  to  the  Lincoln  and  Gray  Porphyries,  still  a  number  of  cases 
were  found  where  the  rock  seemed  identical  with  these  types  in  every  respect,  except- 
ing that  the  large  crystals  were  wanting.  In  some  bodies  of  rock,  moreover,  the  large 
crystals  were  by  no  means  equally  distributed.  It  seemed  therefore  desirable  to  ascer- 
tain more  definitely  the  source  of  the  alkalies  in  the  rocks  analyzed.  In  each  case 
enough  of  the  large  orthoclase  crystals  had  been  included  in  the  material  used  for 
analysis  to  give  average  results. 

In  the  mass  of  Mount  Lincoln  a  dike  of  rock  was  found  which  was  considered 
as  a  representative  of  the  Lincoln  Porphyry  [78],  although  it  was  darker,  more  com- 
pact, and  contained  none  of  the  large  pink  orthoclase  crystals.  Alkali  determinations 
gave  2.42  per  cent,  of  potash  and  3.15  per  cent,  of  soda,  very  nearly  the  same  ratio  as 
in  the  type  rock.  There  was  also  found  64.10  per  cent,  of  silica.  The  reduced  amounts 
of  all  these  are  doubtless  due  to  the  increased  quantity  of  biotite  and  of  ore  in  this 
dike  rock. 

In  the  next  place  the  Gray  Porphyry,  of  which  the  complete  analysis  had  been 
made,  was  subjected  to  further  investigation.  Alkali  determinations  were  made  in  the 

1  Streng,  Neues  Jahrbucli  fur  Mineralogio,  etc.,  p.  537,  1867. 
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mass  of  the  rock,  carefully  avoiding  the  large  pink  crystals,  with  the  result  of  2.95 
per  cent,  of  potash  aiid  2.61  per  cent,  of  soda.  As  small  flakes  were  used  for  this 
purpose,  it  is  probable  that  the  grouiiduiass  was  present  in  abnormal  quantity,  thus 
causing  a  relative  increase  in  potash,  even  while  excluding  the  large  orthoclase  crys- 
tals. Plagioclase  was  found  to  be  much  subordinate  in  the  grouudmass,  as  stated  above. 
The  large  pink  orthoclase  crystals  themselves  were  then  analyzed,  with  the  result: 
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Careful  examination  of  the  material  used  showed  only  a  few  specks  of  biotite,  but 
some  soda-lime  feldspar  must  have  been  present,  judging  from  the  large  amount  of 
lime  found.  A  determination  in  another  clear  crystal  chosen  for  its  apparent  purity 
gave  nearly  3  per  ceut.  of  lime  again.  The  loss  is  thought  by  the  analyst,  Mr.  Hille- 
brand,  to  be  chiefly  soda. 

DIORITE. 

Of  the  distinctly  plagioclastic  rocks  of  the  region  but  very  few  are  granular  in 
structure,  the  great  majority  being  diorite-porphyries,  or  porphyrites,  as  they  will  here- 
after be  designated.  The  three  granular  diorites  fouud,  represent  three  very  distinct 
varieties,  one  of  them  being  the  only  pyroxene-bearing  rock  occurring  within  the  area 
of  the  map.  All  occur,  moreover,  in  the  same  gulch,  and  quite  near  each  other. 

QUAKTZ-M1CA-DIORITK. 

This  rock  occurs  on  the  south  side  of  Buckskin  gulch,  Park  County,  as  a  broad 
dike,  forming  for  some  distance  the  southeast  wall  of  one  of  the  elevated  amphitheaters 
on  Loveland  Hill,  and  thence  projecting  as  a  knoll  into  the  gulch  opposite  the  Ited 
amphitheater.  It  disappears  under  loose  material  before  reaching  the  stream  bed,  and 
no  continuation  of  the  dike  on  the  north  side  of  the  gulch  was  observed.  The  rock 
has  a  fine,  evenly-grained  structure,  with  feldspar  and  quartz  strongly  predominat- 
ing over  the  small,  irregular  leaves  of  biotite. 

Microscopical  examination  shows  zircon,  magnetite,  apatite,  biotite,  plagioclase, 
orthoclase,  and  quartz  as  original  constituents.  Xone  of  the  essential  minerals  is 
well  developed  in  crystal  form  and  none  shows  noteworthy  peculiarities.  Plagioclase 
is  largely  in  excess  over  the  orthoclase  and  quartz  is  quite  abundant.  All  are  quite 
fresh,  the  biotite  alone  showing  incipient  decomposition  [117]. 

HOKNBLENDE-DICRITE. 

A  broad  dike  crossing  the  head  of  Buckskin  gulch  from  Democrat  Mountain  in 
a  nearly  east-and-west  direction  was  found  to  consist  of  a  very  simple,  normal  diorite 
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[116].  It  is  fine-grained,  yet  shows  distinctly  to  the  naked  eye  all  its  prominent  con- 
stituents. Feldspar,  a  large  part  of  which  is  clearly  plagioclase,  subordinate  quartz, 
hornblende  in  prisms  with  occasional  terminations,  a  little  brown  biotite,  yellow  titan- 
ite,  and  dark  ore  grains  are  all  easily  recognized.  The  microscope  shows  zircon  and 
apatite  in  addition,  while  chlorite  and  epidote  are  seen  to  result  from  the  alteration  of 
both  biotite  and  >  hornblende.  Muscovite  forms  in  the  orthoclase,  which  here  seems 
,much  more  attacked  than  the  plagioclase.  There  is  no  groundmass  and  of  the 
essential  constituents  only  hornblende  is  developed  in  crystal  form. 

A  very  similar  dicrite  was  obtained  from  a  prospect  tunnel  in  French  gulch,  Lake 
County  [115],  in  which  pyrite  replaces  magnetite  as  the  ore  and  zircon  and  titanite  are 
very  abundantly  developed.  Biotite  and  quartz  are  even  less  prominent  than  in  the 
preceding  rock. 

AUGITE-BKAR1NG  DIOEITE. 

In  the  Bed  amphitheater,  on  the  northeast  side  of  Buckskin  gulch,  there  occurs  a 
dike  of  a  darker,  finer-grained  diorite  than  either  of  the  preceding  types  [118].  Horn- 
blende, biotite,  plagioclase,  and  a  little  quartz  may  be  macroscopically  detected.  The 
microscope  shows  zircon,  titanite,  magnetite,  hematite,  apatite,  biotite,  augite,  horn- 
blende, plagioclase,  orthoclase,  and  quartz.  Augite  appears  most  abundantly  in  the 
freshest  specimen,  and  certainly  undergoes  alteration  to  green  hornblende,  which, 
though  not  fibrous,  like  typical  uralite,  is  still  by  no  means  so  compact  as  the  common 
dioritic  hornblende.  It  is  not  possible,  from  the  specimens  examined,  to  say  with  cer- 
tainty that  any  of  the  hornblende  is  original,  although  the  association  of  the  minerals 
in  the  freshest  specimens  is  such  as  to  indicate  a  contemporaneous  .formation  of  bio- 
tite, augite,  and  hornblende.  The  latter  two  occur  in  irregular  grains  and  the  augite 
has  none  of  the  pinkish  tinge  common  to  it  when  appearing  in  diorite.  This  rock  is 
remarkable  as  the  only  eruptive  of  the  district  in  which  augite  has  been  found. 

Plagioclase  appears  abundantly  in  small  grains,  while  orthoclase  and  quartz  form 
the  cementing  material.  Chlorite  and  epidote  result  from  the  alteration  of  hornblende 
and  biotite;  muscovite  and  calcite,  from  the  feldspars. 

PORPHYRITE. 

Under  this  heading  will  be  discussed  a  large  number  of  distinct  occurrences, 
which,  unlike  those  of  the  quartz-porphyries,  belong  for  the  most  part  to  small  rock 
masses.  There  are  in  this  group  no  markedly  prevailing  types  to  which  the  difl'ereut 
rocks  can  be  assigned,  and  the  chief  interest  here  lies  in  noting  the  great  variations 
possible,  both  in  structure  and  composition,  in  what  are  practically  equivalent  masses. 
One  distinction,  however,  is  feasible,  viz,  that  between  a  variable  subgroup,  in  which 
a  triclinic  feldspar  is  evidently  strongly  predominant,  and  a  few  rocks  occurring  in 
larger  masses,  in  which  orthoclase  is  also  prominent  and  which  seem  at  first  glance 
more  nearly  related  to  the  quartz-porphyries  than  to  the  marked  plagioclase  rocks  of 
the  first  division.  These  latter  types  are  referred  to  in  the  main  report  as  quartz- 
porphyries,  and  are  so  represented  upon  the  map.  They  are  called  by  the  local  names 
Sacramento  Porphyry  and  Silverheels  Porphyry.  Later  investigation  has  shown 
them  to  be  plagioclastic  rocks,  and  as  such  they  will  here  be  treated.  In  describing 
them  the  general  and  variable  group  will  first  be  considered  and  then  the  local  types. 
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PRINCIPAL   GROUP. 

The  characteristic  primary  constituents  of  these  rocks  are  the  minerals  zircon, 
allanite,  apatite,  magnetite,  biotite,  hornblende,  plagioclase,  orthoclase,  and  quartz. 
To  these,  as  occasional  accessories,  may  be  added  ilmenite  and  pyrite.  All  the  common 
non-essential  elements  are  developed  in  the  ordinary  way,  and  none  is  so  abundant 
or  so  rare  as  to  deserve  comment.  Allanite  is  not  always  present  in  the  thin  sections 
examined,  but  its  observed  distribution  among  different  types  is  such  as  to  warrant 
the  belief  that  it  is  sporadically  present  in  all  the  rock  masses  of  this  group. 

Feldspars — All  crystals  of  the  first  period  of  consolidation  which  have  been 
identified  are  plagioclase,  with  but  one  possible  exception,  referred  to  later  (p.  339). 
Orthoclase  may  be  sparingly  developed  in  this  way  in  a  few  cases,  but  the  freshness 
of  the  plagioclase  in  nearly  all  specimens  collected  and  the  ease  with  which  the  stria- 
tion  can  be  seen  upon  the  basal  cleavage  plane  make  it  certain  that  a  monoclinic 
feldspar  must  be  very  rare.  In  the  groundmass,  on  the  other  hand,  plagioclase  is  not 
visibly  present  at  all  in  many  cases,  while  orthoclase  is  very  abundant. 

-  The  plagioclase  crystals  are  small,  white,  stout  in  form,  and  correspond  exactly 
to  those  described  in  the  quartz  porphyries.  They  are  chemically  near  oligoclase, 
judging  from  the  optical  properties,  for  the  maximum  observed  extinction  in  the  zone 
perpendicular  to  the  usual  twinning  plane  is  but  20°.  In  a  number  of  crystals  twin- 
ning according  to  the  Carlsbad  law  is  apparently  combined  with  that  of  the  albite 
law,  as,  for  example,  in  one  section,  falling  at  right  angles  to  the  bracbypinacoid,  there 
are  20  laminae,  of  which  five  pairs  extinguish  sharply  at  8°  45',  the  other  five  pairs  at 
0°  from  the  twinning  plane.  In  a  few  cases  more  than  two  directions  of  extinction 
were  noticed  in  sections  apparently  lying  in  the  macrodiagonal  zone.  In  one  crystal 
laminae  were  found  extinguishing  at  1°,  4°  30',  8°,  13°,  and  20°,  several  pairs  showing 
the  last  two  values.  A  satisfactory  explanation  for  this  action  has  not  been  found. 
It  may  be  that  laminae  of  different  feldspars  are  hereintergrown,  but  such  a  conclusion 
must  be  supported  by  further  data  than  are  here  available. 

A  delicate  zonal  structure  is  occasionally  seen  in  plagioclase  crystals,  but  the 
slightly  varying  angles  of  extinction  do  not  indicate  any  pronounced  changes  in 
basicity  of  the  different  zones. 

Biotite — Biotite  appears  as  a  constituent  iti  three  distinct  forms:  as  macroscopic 
hexagonal  leaves,  in  aggregates  of  small  irregular  flakes,  and  as  minute  leaflets  in  the 
groundmass.  The  large  leaves  are  brown  when  fresh  and  often  exhibit  ragged  edges 
when  seen  tinder  the  microscope,  caused  by  the  attachment  of  many  flakes  correspond- 
ing to  those  in  the  groundmass.  Allanite,  zircon,  magnetite,  and  apatite  penetrate 
the  larger  leaves.  The  tiny  leaflets  which  enter  at  times  richly  into  the  composi- 
tion of  the  groundmass  are  irregular  in  shape  and  rarely  over  0.03  mm  in  diameter, 
sometimes  sinking  to  a  minuteness  requiring  the  highest  power  of  the  microscope  to 
resolve  them  into  separate  flakes.  They  are  greenish  in  color  and  at  first  glance  it  is 
not  easy  to  discover  t'heir  nature  as  mica;  but  their  marked  pleochroisin  and  strong 
absorption  in  proper  position  renders  their  character  certain.  These  flakes  of  green 
mica  are  often  arranged  one  after  another,  partially  overlapping,  making  needle-like 
aggregations,  easily  mistaken  for  hornblende  with  a  low  magnifying  power. 

Hornblende — The  hornblende  is  compact,  of  a  green  color  in  ordinary  light,  and 
generally  presents  quite  well-defined  crystals,  the  faces  ccP,  ccP  do,  OP,  and  P  being 
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ofteu  visible  on  macroscopic  crystals.  It  occurs  either  as  a  macroscopic  clement  of  the 
rock,  in  the  form  of  minute  needles  in  the  grouudmass,  or,  lastly,  in  clusters  of  small 
irregular  individuals,  and  then  usually  associated  with  biotite  leaves. 

The  small  needles  are  sometimes  well  terminated  (see  Fig.  3,  Plate  XX).  Still 
it  is  the  rule  to  find  the  ends  irregular,  while  the  prism  is  sharply  defined  (see  Fig.  4, 
Plate  XX).  The  pleochroism  is  well  marked,  and  the  maximal  angle  of  extinction  in 
the  prismatic  zone  is  nearly  18°,  measured  from  the  vertical  axis.  Twinning  parallel 
to  oo  P  a,  is  common  and  is  frequently  polysyuthetic. 

The  hornblende  occasionally  includes  crystals  of  apatite,  magnetite,  rarely  biotite, 
and  clear  microlites  of  zircon.  It  is  commonly  very  fresh,  and  when  decomposition 
has  begun  the  first  product  is  usually  chlorite,  from  which  epidote  is  formed. 

Quartz.— There  are  but  few  rocks  of  this  kind  in  which  quartz  is  prominent  as  a 
macroscopic  constituent.  In  some  of  these,  usually  the  more  acid  ones,  it  forms  well- 
defined  crystals,  but  it  is  more  common  to  see  it  in  rounded  grains,  seemingly  quite 
variable  in  quantity,  in  occurrences  which  are  otherwise  nearly  identical.  These 
rounded  particles  undoubtedly  represent  partially  remelled  crystals  of  the  first  gen- 
eration, and  their  variability  is  here  not  remarkable.  The  chief  development  of  the 
quartz  is,  as  perfectly  natural,  in  the  grouudmass,  with  orthoclase.  Inclusions  are  not 
abundant  in  any  of  the  crystals,  though  all  earlier  minerals  do  penetrate  it  in  observed 
instances.  Glass  inclusions  have  never  been  found  and  those  with  fluid  contents  are 
rare.  The  groundmass  seldom  penetrates  the  large  crystals. 

Groundmass — The  groundmass  of  those  porphyrites  which  contain  hornblende 
and  biotite  mainly  as  macroscopic  elements  is  very  uniform  in  constitution  and  struct- 
ure. It  consists  of  an  evenly  granular  mixture  of  quartz  and  feldspar,  with  small 
octahedrons  of  magnetite  scattered  through  it.  The  feldspar  is  seldom  definitely 
determinable  as  such,  but  its  presence  is  inferred  from  a  formation  of  muscovite, 
where  the  rock  is  much  altered,  and  because  the  quartz  grains,  through  their  stronger 
polarization,  stand  out  in  contrast  to  the  rest  of  the  colorless  grouudmass.  By  far  the 
greater  part  of  this  feldspar  is  niouoclinic,  for  plagioclase  was  observed  to  enter  into 
the  composition  of  the  groundmass  in  but  few  cases,  and  then  in  the  form  of  thin 
plates,  quite  distinct  from  the  irregular  grains  of  orthoclase.  The  average  size  of 
the  grains  of  quartz  and  orthoclase  is  0.02min,  so  that  a  complete  separation  of 
these  minerals  is  never  possible.  There  is  never  a  trace  of  microfelsitic  or  glassy  sub- 
stance, and  only  in  contact  specimens  is  the  greater  part  of  the  groundmass  crypto- 
crystalline.  As  has  been  mentioned  above,  biotite  and  hornblende  enter  into  the  con- 
stitution of  the  groundmass  in  very  varying  quantities,  and  only  when  present  in 
great  abundance  do  they  render  the  mosaic  of  quartz  and  feldspar  obscure.  The 
quartz  has  a  tendency  to  develop  in  clusters  of  irregular  clear  grains  in  certain  cases. 

The  distinguishing  peculiarity  of  a  certain  minor  subgroup  lies  chiefly  in  the 
character  of  the  groundmass.  This  consists  principally  of  an  iutergrowth  of  quartz 
and  orthoclase,  according  to  no  discernible  law,  now  the  quartz,  now  the  orthoclase 
being  the  inclosing  mineral,  and  their  relation  is  only  made  clear  between  crossed 
nicols,  when  it  is  seen  that  within  the  limits  of  certain  irregular  patches  all  the  quartz 
and  all  the  orthoclase  has  each  its  own  optical  orientation.  The  outline  of  the  inclos- 
ing mineral  has  no  relation  to  crystal  form,  and  this  iutergrowth  nets  throughout  like 
the  ordinary  grouudmass,  filling  the  interstices  between  the  large  crystals.  The  macro- 
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scopical  effect  of  this  structure  is  to  reuder  the  groundmass  much  less  distinct  in  con- 
trust  with  the  crystals  than  is  the  case  in  the  types  of  the  main  group.  Flakes  of 
biotite,  grains  of  magnetite,  &c.,  are  scattered  about  in  this  groundmass  with  the 
same  irregularity  as  in  any  other. 

A  tendency  to  a  micrographic-granite  structure  was  noticed  in  two  of  the  porphy- 
rites.  It  seems  to  have  been  induced  by  the  presence  of  the  rounded  quartz  grains 
above  described.  Each  of  these  is  surrounded  by  a  zone  in  which  quartz  and 
orthoclase  are  more  or  less  regularly  iutergrown.  The  appearance,  as  seen'  under  the 
microscope,  is  that  of  alternate  fibers  of  quartz  and  orthoclase,  with  a  more  or  less 
distinct  radiate  arrangement  about  the  large  quartz  grain,  all  the  quartz  substance, 
in  both  granule  and  groundmass,  having  the  same  optical  orientation.  A  similar  phe- 
nomenon was  not  observed  in  connection  with  large  particles  of  feldspars,  and  those 
portions  of  the  groundmass  showing  a  regular  intergrowth  apparently  independent 
of  any  crystal  may  have  been  formerly  related  to  a  quartz  grain  situated  just  above 
or  just  below  the  plane  of  the  present  section. 

In  such  a  thoroughly  crystalline  rock  a  fluidal  structure  can  only  be  expressed 
by  the  position  of  the  hornblende  needles  or  biotite  leaves  with  reference  to  the  large 
crystals.  Such  a  relation  is  often  observed,  and  it  is  also  not  rare  to  find  hornblende 
crystals  broken  and  biotite  leaves  folded  and  crumpled,  attesting  to  movements  in  the 
partially  solid  rock. 

Structural  forms — The  greater  number  of  the  rocks  observed  form  a  continuous 
series  whose  extremes  are  very  dissimilar,  and  the  relationship  can  be  most  easily 
understood  and  explained  with  the  help  of  the  subjoined  table : 


Primary 
division. 

Subdivision. 

Macroscopic  development. 

In  groundmass. 

f  Biotite 

{I 

y                        e>* 

c  Hornblende  .  .  . 

A 

e  Biotite 

II    

(  Hornblende.  .  .  . 
e  Biotite  

la  numerous  crystals  

Entirely  wanting. 

fill  

B 

IV    ... 

'  Hornblende  .  . 
<  Biotite  

Sligbtly  predominant  

Few  small  needles. 

V 

(  Hornblende  .  .  . 

r  Biotite    

{VI 

(  Hornblende  ... 

Rare  or  wanting  

c 

c  Biotite  

VII     .. 

(  Hornblende  

Very  abundant  

Very  abundant. 

Under  Division  A  are  included  rocks  with  a  light,  homogeneous-appearing 
groundmass,  containing  no  microscopic  individuals  of  the  basic  mineral  which  is  so 
prominent  in  macroscopic  crystals,  this  in  the  one  case  (I)  being  biotite,  in  the  other 
(II)  hornblende.  Under  0,  at  the  opposite  structural  extreme,  where  the  groundmass 
is  filled  with  minute  flakes  or  needles  of  a  dark  mineral,  are  also  two  modifications, 
one  a  biotite  (VI)  (Fig.  1,  Plate  XX),  the  other  prevailingly  a  hornblende  rock  (Fig. 
2,  Plate  XX).  These  are  both  dark  and  compact,  showing  comparatively  few  macro- 
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scopic  elements,  standing  in  marked  contrast  to  those  forms  under  Division  A.  Between 
these  extremes,  in  regard  to  botli  structure  and  composition,  are  the  forms  embraced 
under  B.  In  these  the  groundiuass  contains  more  or  less  of  one  or  both  of  the  dark 
basic  minerals,  and  in  proportion  as  these  minerals  enter  into  the  composition  of  the 
groundmass  the  macroscopic  elements  become  less  distinct,  thus  forming  a  gradual 
transition  to  the  Division  C. 

Division  A — The  plagioclase  usually  stands  out  very  plainly  in  these  rocks,  and  it 
is  evident  that  no  orthoclase  is  present  in  macroscopic  individuals.  Quartz  occurs  in 
good  crystals  and  rather  plentifully.  The  groundmass  is  microcrystalline  and  pos- 
sesses a  very  regular  granular  structure,  its  components  being  almost  exclusively  quartz 
and  orthoclase.  A  dike  in  gneiss,  near  a  little  lake  northwest  of  Mount  Lincoln,  rep- 
resents the  typical  hornblendic  variety  [1120],  while  a  similar  dike  in  North  Mosquito 
amphitheater  is  of  the  corresponding  biotite  rock  [119].  Several  occurrences  at  the 
head  of  Buckskin  gulch  are  nearly  allied  to  these  type  rocks. 

Division  B — By  far  the  larger  number  of  the  porphyrites  in  the  series  fall  within 
this  division.  In  the  three  subdivisions  of  the  table,  one  or  botli  of  the  heavier  sili- 
cates appear  in  the  groundmass  as  well  as  in  larger  crystals.  If  the  groundmass 
minerals  are  regarded  as  belonging  to  a  second  phase  of  the  rock's  existence,  one 
of  the  striking  peculiarities  of  this  division  is  most  natural,  while  from  another  point 
of  view  it  might  seem  strange.  The  peculiarity  referred  to  is  the  observed  indepen- 
dence of  the  daik  basic  silicates  occurring  in  the  groundniass,  of  the  species  which 
may  be  developed  as  macroscopic  constituents.  The  formation  of  hornblende  in 
numerous  large  crystals  during  the  first  period  of  consolidation  does  not  necessarily 
demand  that  the  same  mineral  should  be  developed  in  the  second  period.  The  changed 
conditions  attending  the  final  consolidation  may  produce  biotite  or  hornblende,  or  both 
of  them,  uninfluenced,  or  at  least  uncontrolled,  by  the  earlier  crystallizations.  The 
table  above  shows  this,  but  a  study  of  the  variations  in  the  different  rocks  collected 
makes  the  fact  much  plainer.  The  rock  most  frequently  met  with  in  all  the  district 
belongs  to  Type  V  of  this  division.  It  is  the  one  found  in  the  intrusive  sheets  on  the 
sides  of  Mosquito  [127]  and  Buckskin  gulches  [12fi],  on  Mount  Lincoln,  or  in  dikes  in 
the  Archean,  as  on  Bartlett  Mountain  [124]  and  Democrat  Mountain  [2.19].  The  lower 
figure  of  Plate  VII,  page  84,  shows  the  macroscopic  a  1  appearance  of  this  rock  very 
well.  Hornblende  crystals  are  frequently  well  terminated  in  this  modification,  and 
owing  to  the  minute  size  of  many  well-shaped  prisms,  while  all  intermediate  stages 
arc  also  represented,  it  becomes  difficult  to  decide  whether  there  has  or  has  not  been  a  re- 
currence in  the  formation  of  hornblende  prisms  with  good  crystal  form.  Fig.  3,  Plate 
XX,  was  designed  to  show  both  large  and  small  prisms  of  hornblende  with  good  ter- 
minal planes,  but  the  imperfect  execution  of  the  prints  leaves  much  to  the  imagination. 
In  Fig.  4  of  the  same  plate  are  shown  needles  of  hornblende  with  the  more  common, 
irregular  terminations. 

Division  C — The  compact  rocks  of  this  division  are  not  very  numerous.  The  two 
occurrences  illustrating  best  the  micaceous  and  hornhlendic  varieties  occur  together 
in  North  Mosquito  amphitheater.  One  of  these,  the  biotite  rock  [260],  was  analyzed 
(p.  340),  and  its  micro-structure  is  indicated  by  Fig.  1,  Plate  XX.  Two  other  compact 
rocks  deserve  special  mention  under  the  next  heading. 
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The  Arkansas  Dike — The  long  straight  dike  at  the  head  of  the  Arkansas  presents 
some  remarkable  phenomena,  which  cannot  be  explained  satisfactorily  from  the  data 
collected  in  the  one  short  visit  made  to  that  area.  It  is  a  special  matter  for  regret  that 
no  time  for  further  examination  could  be  taken.  This  dike  consists  of  what  are  re- 
garded as  two  eruptions  of  the  same  magma.  The  older  rock  is  fine-grained  and  ex- 
hibits a  few  small  feldspars  and  biotite  leaves  as  sole  recognizable  macroscopic  con- 
stituents [130].  The  younger  rock  [129],  which  cuts  irregularly  through  the  former, 
now  on  one  side,  now  on  the  other,  or  even  running  along  the  center,  is  also  very  dark 
and  compact  in  the  main,  but  is  sharply  distinguished  by  numerous  large  quartz 
crystals  and  by  worn  aud  well-rounded  fragments  of  slightly  pinkish  orthoclase. 

A  heliotype  representation  of  this  curious  rock  is  given  in  the  upper  figure,  Plate 
VII,  natural  size.  These  orthoclase  fragments  are  all  like  pebbles,  showing  no  trace 
of  sharp  angles.  They  reach  a  maximum  observed  diameter  of  over  5cm,  and  none 
was  noticed  of  less  than  lcm.  While  never  glassy,  they  seem  quite  fresh,  represent 
but  one  crystallographic  individual  each,  aud  are  in  no  way  related  to  anything  seen 
in  other  occurrences  of  the  porphyrites.  The  quartz  crystals  reach  a  diameter  of  over 
lcm  in  this  rock  and  are  always  quite  well-defined  in  crystalline  form.  Hornblende 
takes  a  prominent  place  beside  the  biotite  in  the  microscopical  constitution.  It  is  a 
curious  fact,  commented  upon  later,  that  in  spite  of  its  large  quartz  crystals  the 
younger  porphyrite  has  but  59.26  per  cent.  SiO2,  while  the  dark,  compact,  older  rock 
contains  G0.29  per  cent.  Repeated  determinations  for  both  rocks  show  similar  results. 

The  origin  of  these  orthoclase  pebbles  is  very  problematic.  To  consider  them  as 
earlier  secretions  of  the  porphyrite  magma  is  to  assume  conditions  to  which  no  other 
rocks  of  the  group  have  been  subjected,  judging  from  the  total  absence  of  such  orthoclase 
in  them.  Inclusions  of  basic  microlites  would  seem  to  be  almost  inevitable,  if  these 
orthoclase  individuals  had  formed  in  the  midst  of  the  minerals  which  one  must  sup- 
pose to  have  reached  consolidation  before  them.  A  thin  section  of  one  of  these  pebble- 
like  fragments  shows  that  the  feldspar  is  common  orthoclase  aud  that  it  contains 
inclusions  of  magnetite,  biotite,  aud  quartz.  No  zircon,  allauite,  or  apatite  was  seen. 
The  included  quartz  grains  are  small  and  crowded  with  fluid  inclusions,  in  many  of 
which  the  bubble  is  in  active  motion. 

From  the  above  considerations  it  is  difficult  to  reach  a  conclusion  as  to  the  origin 
of  these  feldspar  masses.  The  absence  of  zircon  and  apatite  and  the  presence  of 
quartz  with  such  numerous  fluid  inclusions  seem  to  indicate  that  the  mineral  is  not 
an  earlier  secretion  of  the  porphyrite  magma.  The  fact  that,  while  rounded  fragments 
of  gneiss  and  granite  are  abundant  in  many  dikes  in  the  Archeau,  they  were  not 
found  accompanying  these  pebbles,  would  seem  to  throw  doubt  upon  the  accidental 
nature  of  the  fragments  in  question.  Until  a  more  thorough  examination  of  the  occur- 
rence can  be  made  no  satisfactory  conclusion  seems  possible. 

Chemical  composition — The  analyses  given  below  were  made  by  W.  P.  Hillebrand. 
Under  I  is  given  the  composition  of  the  typical  horublendic  variety,  occurring  in  thin 
intrusive  sheets  on  the  sides  of  Buckskin  and  Mosquito  gulches.  It  is  Type  V  of  the 
table  above;  its  macroscopical  appearance  is  shown  in  Plate  VII,  lower  figure,  and  its 
microstructure  in  Plate  XX,  Fig.  3.  The  specimen  analyzed  came  from  the  Northern 
Light  claim,  in  lower  Buckskin  gulch  [126].  The  rock  as  a  whole  is  quite  fresh, 
although  the  few  biotite  leaves  and  occasionally  a  hornblende  crystal  are  more  or  less 
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decomposed,  chlorite  and  calcite  being  the  chief  products.  The  plagioclase  is  still 
quite  fresh,  but  some  filmy  calcite  is  scattered  through  the  groundmass.  Apatite  is 
rather  rare  in  this  rock. 

Analysis  II  was  made  upon  a  compact  biotite  lock,  Type  VI  of  the  table,  from 
North  Mosquito  amphitheater,  where  it  occurs  as  a  dike  in  gneiss  [260].  There  is  uo 
hornblende  present  in  this  rock  and  biotite  appears  mainly  in  numberless  minute, 
greenish  flakes.  Quartz  is  abundant  in  clusters  of  small  grains  in  the  grouudmass, 
but  seldom  reaches  macroscopic  dimensions.  Apatite  is  quite  abundant.  Pyrite  is 
the  chief  ore  of  the  rock,  accompanied  by  some  magnetite.  Except  for  some  calcite 
and  chlorite  the  rock  seems  to  be  very  fresh. 
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Discussion  of  analyses — There  is  far  more  difference  between  the  two  rocks  than 
one  would  surmise  from  the  microscopical  study,  but  it  is  after  all  not  so  remarkable 
when  one  considers  how  little  substance  is  actually  represented  by  the  minute  flakes 
of  biotite  in  contrast  to  that  in  the  numerous  prisms  of  hornblende.  The  difference  lies 
chiefly  in  the  large  amount  of  hornblende,  while  the  feldspars  in  both  are  plainly  soda- 
linie-hearing  varieties  to  a  very  large  extent. 

In  order  to  test  the  influence  of  the  amount  of  hornblende  present,  as  indicated 
by  the  macroscopical  appearance  of  the  rock,  special  silica  determinations  were  made 
by  Mr.  Hillebrand  upon  various  types.  First,  two  rocks  having  closely  the  habit  of 
that  furnishing  Analysis  I,  but  occurring  as  dikes  in  the  Archenu,  one  in  Ten-Mile 
amphitheater  [125],  the  other  on  the  east  wall  of  Arkansas  amphitheater  [131],  were 
tested,  and  yielded,  respectively,  57.76  per  cent,  and  57.33  per  cent.  SiO*,  ligim-s 
agreeing  quite  closely  with  those  of  the  analysis.  Secondly,  the  compact  horubleudic 
rock  from  North  Mosquito  amphitheater  [132],  which  occurs  side  by  side  witli  the  cor- 
responding biotite  rock  (Analysis  II),  was  found  to  contain  54.54  per  cent.  SiO2.  Thirdly, 
a  rock  from  the  extreme  head  of  Buckskin  gulch  [121],  which  contained  very  little 
hornblende  in  the  groundmass  and  had  a  number  of  the  rounded  quartz  grains  macro- 
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scopieally  visible,  proved  to  carry  65.73  per  cent.  SiO2.  The  range  in  silica  is  thus 
more  than  10  per  cent.,  and  it  is  chiefly  affected  by  the  amount  of  hornblende  present 
in  the  rock. 

SACRAMENTO   PORPHYRITE. 

This  rock,  which  was  at  first  classed  as  a  quartz-porphyry  and  is  so  represented 
on  the  map,  occurs  in  a  large  mass  at  the  head  of  Big  Sacramento  gulch,  whence  intru- 
sive bodies  extend  to  the  north  and  to  the  southeast. 

Description — In  structure  this  rock  resembles  those  modifications  of  the  Lincoln 
Porphyry  in  which  the  formation  of  the  large  orthoclase  crystals  has  been  hindered. 
It  shows  many  white  plagioclase  crystals  of  the  usual  stout  habit  and  a  number  of 
smaller,  less  distinct  individuals  which  are  less  fresh,  most  of  them  being  ortho- 
clase. Both  biotite  and  hornblende  are  present  in  distinct  individuals,  and  quartz 
occurs  in  round  grains,  which  are  not  very  plentiful.  The  groundmass  containing 
these  elements  is  subordinate  but  yet  distinct.  It  contains  pyrito  and  magnetite,  and 
a  sufficient  number  of  small  biotite  leaves  to  be  dark-gray  in  color,  when  fresh.  Chlo- 
ritic  decomposition  products  render  it  darker  in  most  specimens  collected.  Epidote, 
which  is  often  prominent  in  more  or  less  altered  specimens,  will  be  spoken  of  below. 

With  the  microscope  it  is  found  that  zircon,  allanite,  .apatite,  and  titanic  iron, 
the  last  recognized  by  cleavage  and  alteration  products,  are,  further  components  of 
the  rock.  Allanite  is  not  so  plentiful  as  in  some  other  types  described,  but  it  is  ob- 
served in  one  or  two  slides  and  is  probably  a  regular  but  sparsely  distributed  con- 
stituent. 

The  microscope  shows  that  plagioclase  is  developed  almost  exclusively  in  the 
form  of  porphyritic  crystals  and  that  but  few  of  these  are  certainly  orthoclase, 
although  the  latter  mineral  forms  with  quartz  nearly  the  entire  groundraass,  the  dark 
silicates  seldom  appearing  as  constituent  particles  in  this  later  product  of  consolida- 
tion. Orthoclase  is  usually  more  decomposed  than  plagioclase,  being  cloudy  after  the 
manner  commonly  seen  in  much  older  rocks.  The  majority  of  the  plagioclase  crystals 
arc  clear  in  the  center,  but  show  incipient  decomposition  in  the.  outer  zones.  The 
laminae  composing  them  are  either  broad  or  very  narrow  and  the  maximum  angle  of 
extinction  in  the  macrodiagonal  zone  is  20°,  indicating  that  varieties  more  basic  than 
oligoclase  are  rare  if  present  at  all. 

Hornblende  and  biotite  have  a  thoroughly  normal  appearance,  and  are  only 
interesting  through  their  decomposition  products,  to  be  considered  below.  Inclusions 
of  the  early  accessory  constituents  are  a  matter  of  course  in  all  the  large  crystals,  but 
they  are  never  abundant  and  are  never  accompanied  by  glass,  so  far  as  observed. 
Fluid  inclusions  occur  sparingly  in  quartz  and  feldspar. 

Decomposition  products — Noteworthy  facts  concerning  the  decomposition  of  rock- 
building  minerals  may  be  observed  in  the  Sacramento  Porphyrite.  The  specimens 
collected  are  divisible  into  two  classes,  the  one  showing  a  bleached  rock,  the  other 
containing  macroscopically  developed  epidote.  In  the  latter  rocks  [83-85]  the  micro- 
scope shows  a  more  or  less  marked  tendency  to  the  formation  of  epidote  from  both 
feldspars,  as  well  as  from  biotite  and  hornblende.  In  the  last  two  minerals  a  dark, 
strongly  pleochroic  chlorite  is  the  forerunner  of  the  epidote,  while  in  the  feldspar  no 
intermediate  stage  of  any  kind  can  be  detected.  Muscovite  and  calcitc,  the  common 
products  of  alteration  in  feldspars,  are  here  but  slightly  developed. 
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In  the  second  class  mentioned  tbe  processes  of  decomposition  have  produced  a 
light-colored  rock,  in  which  the  biotite  is  replaced  by  a  light,  straw-colored  substance 
with  silvery  luster,  while  hornblende  and  ore  particles  have  almost  entirely  disap- 
peared. The  microscope  shows  that  decomposition  has  from  the  beginning  taken  an 
entirely  different  course  from  that  just  described,  although  here,  as  there,  the  tendency 
has  been  to  the  formation  of  a  particular  mineral,  that  mineral  being  inuscovite  instead 
of  epidote.  Muscovite  resulting  from  the  decomposition  of  biotite  has  been  described 
(p.  324)  in  the  case  of  the  Mount  Zion  Porphyry,  and  the  present  instance  is  very  simi- 
lar The  muscovite  is  filled  with  minute,  pale  yellowish  needles  and  grains  (rutile  ?}, 
which  cause  the  macroscopically  visible  tinge  of  color.  That  this  mineral  is  really 
muscovite  it  may  be  difficult  to  prove  beyond  all  dispute,  but  the  feldspars  in  the  same 
specimen  are  almost  entirely  altered  to  an  apparently  identical  substance,  with  some 
calcite,  while  no  chlorite  or  epidote  is  found,  showing  that  conditions  favorable  to  the 
formation  of  muscovite  certainly  existed.  In  general  it  can  be  stated  that  those 
(specimens  in  which  the  development  of  muscovite  is  most  distinct  occurred  in  masses 
covered  by  drift  or  exposed  in  the  workings  of  mines  [86],  while  those  containing 
epidote  are  from  more  exposed'positions,  usually  above  timber-line.  The  observations 
are,  however,  too  few  to  be  considered  as  indicating  any  rule  in  the  matter. 

Chemical  data — A  silica  determination  proves  that  quartz  must  be  prominent  in 
the  groundmass,  as  the  quartz  macroscopically  visible  is  much  less  than  in  the  Lincoln 
Porphyry,  while  the  amount  of  silica  found,  05.08  per  cent.,  is  but  little  less  than  that 
in  the  latter  rock,  viz,  66.45  per  cent.  [85a].  The  Sacramento  Porphyrite  also  con- 
tains 3.55  per  cent,  of  soda  to  2.57  per  cent,  of  potash  [85«],  which  confirms  the  classi- 
fication as  a  plagioclase  rock. 

SELVERHEKLS   POKPHYEITE. 

Occurrence  and  previous  classification — The  intrusive  sheets  of  eruptive  rock  occur- 
ring in  Mount  Silverheels,  two  of  which  appear  in  the  northeastern  part  of  the  Mos- 
quito Range  map,  belong  to  a  rock  which  is  not  easily  classified.  It  is  colored  as 
rhyolite  upon  the  Ilayden  Atlas  of  Colorado,  and  called  '•  (trachyte?)"  by  A.  C.  Peale 
in  his  report  upon  the  region.1  Unfortunately,  its  relations  were  not  at  first  correctly 
understood  by  the  present  writer,  and  consequently  the  rock  is  colored  upon  the  map  as 
quartz-porphyry,  while  he  now  regards  it  as  a  plagioclastic  rock  and  as  belonging  to 
the  series  of  porphyrites. 

Description This  rock  is  of  a  greenish  or  gray  color  and  very  fine  grained,  but  it 

still  exhibits  a  distinct  porphyritic  structure  when  not  too  much  decomposed.  Its 
macroscopically  visible  constituents  are  feldspar,  biotite,  hornblende,  and,  sparingly, 
quartz,  all  of  them  in  very  small  individuals,  seldom  exceeding  3"""  in  diameter.  The 
groundmass  is  usually  obscured  by  chloritic  decomposition  products.  Microscopical 
study  shows  the  usual  accessory  minerals,  including  allanite  and  pyrite. 

With  regard  to  the  feldspar  crystals  it  is  difficult  to  decide  which  may  have  been 
predominant  from  simple  microscopical  study,  for  many  of  them  are  entirely  decom- 
posed and  the  mixture  of  calcite  and  muscovite  resulting  in  all  cases  does  not  give  a 
1  Annual  Report  United  States  Geological  and  Geographical  Survey  of  Territories,  1873,  pp.  214-21G. 
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certain  clew.  Au  alkali  determination  in  one  of  the  freshest  specimens  [109]  yielded 
Xa2O  4.08  per  cent,  and  K2O  2.70  per  cent.,  which  must  be  decisive  in  confirming  the  pres- 
ent classification,  for  it  is  to  be  expected  from  analogy  with  the  fresher  rocks  previously 
described  that  the  larger  part  of  the  soda  will  be  contained  in  the  porphyritic  crys- 
tals of  the  first  generation,  while  the  potash  will  remain  chiefly  in  the  groundmass. 
When  nearly  balanced  alkalies  are,  as  a  matter  of  fact,  so  disposed  in  the  solid  rock, 
the  soda  feldspar  certainly  becomes  the  more  prominent  and  should  determine  the 
classification. 

The  groundmass  is  holocrystalline,  in  most  cases  coarsely  macrocrystalline,  and 
is  made  up  of  quartz,  orthoclase,  and  plagioclase,  with  some  biotite.  Its  constitution 
is  often  obscured  by  chlorite.  The  amount  of  quartz  seems  less  than  in  most  porphy- 
rites  described,  and  a  silica  determination  gave  but  60.42  per  cent.  [109&].  Epidote 
and  chlorite  are  the  products  of  the  decomposition  of  both  biotite  and  hornblende. 
What  seem  at  first  sight  to  be  included  fragments  of  arnphibolite  are  most  probably 
Accretions  of  hornblende  from  the  magma  in  an  earlier  period  of  the  rock's  history. 
Biotite  and  some  feldspar  accompany  the  hornblende. 

On  the  extreme  southern  spurs  of  Mount  Silverheels,  beyond  the  limits  of  the 
present  map,  between  the  forks  of  Crooked  Creek,  a  variety  of  much  more  distinct 
porphyritic  habit  was  found,  which  is  colored  on  the  Hayden  map  as  "Porphyritic 
Trachyte"  [108].  Its  crystals  reach  lom  in  diameter  and  predominate  over  the  light- 
grayish  groundmass.  All  the  elements  are  the  same  in  character  as  in  the  Silver- 
heels  rock,  and  it  can  be  regarded  only  as  a  modification  of  the  same. 

MISCELLANEOUS  PORPHYEITES. 

The  "Green  Porphyry,"  a  peculiar  fine-grained  rock,  was  found  occurring  in  three 
different  places:  first,  as  a  dike,  running  from  the  northern  edge  of  Bross  amphithea- 
ter toward  Mount  Silverheels  [98a];  secondly,  on  the  north  side  of  Mosquito  gulch, 
near  its  mouth,  interbedded  in  Cambrian  quartzites  [98];  and  thirdly,  as  an  interstrat- 
ified  bed  on  lower  Loveland  Hill,  near  the  Fanny  Barrett  and  Eagle  Bird  claims 
[986].  It  is  macroscopically  compact,  light  gVeen  in  color,  with  an  abundant  chloritic 
decomposition  product,  which  renders  it  difficult  to  distinguish  clearly  each  crystal  indi- 
vidual, although  it  is  sometimes  plain  that  the  rock  is  almost  wholly  macrocrystalline. 
Quartz,  feldspar,  biotite,  and  hornblende  are,  however,  recognizable,  the  latter  two 
being  much  altered. 

Some  of  the  thin  sections  prepared  show  no  normal  groundmass  at  all,  although 
a  distinction  can  be  made  between  certain  well-crystallized  elements  and  wholly  irreg- 
ular fragments.  There  seem  to  have  been  original  crystals  of  feldspar,  hornblende, 
and  biotite,  all  quite  small,  while  the  remainder  of  the  rock,  solidifying  later,  was 
formed  of  the  same  minerals,  with  quartz,  in  irregular  grains,  which  sometimes  have 
reached  the  size  of  the  crystals,  but  more  frequently  have  not. 

The  feldspars  are  largely  replaced  by  muscovite  and  calcite  ;  the  dark  silicates 
by  chlorite  and  epidote.  Quartz  is  not  abundant,  a  silica  determination  yielding  but 
63.85  per  cent.  A  few  fluid  inclusions  are  observed  in  quartz  and  feldspar. 

In  connection  with  the  above  rocks  should  be  mentioned  several  occurrences  not 
to  be  classed  under  any  of  the  described  varieties,  though  most  closely  allied  to  the 
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last  one  [100-106].  In  the  hand  specimen  they  show  but  little  that  can  be  identified. 
They  are  green  in  color  and  fine-grained,  with  some  visible  feldspar  and  biotite  or 
hornblende,  and,  rarely,  quartz.  The  principal  decomposition  product  is  chlorite,  which 
renders  the  structure  obscure.  The  microscope  reveals  a  fully  crystalline  structure, 
in  which  a  granular  groundmass  of  quartz  and  feldspar  is  of  varying  importance. 
Quartz  and  orthoclase,  intimately  but  irregularly  intergrown,  make  up  in  some  cases 
the  greater  part  of  the  rock.  Muscovite  is  the  chief  decomposition  product  of  the 
feldspars  and  seems  also  to  result  from  the  alteration  of  biotite,  after  several  inter- 
mediate stages. 

The  Green  Porphyry  and  the  ones  just  mentioned  are  now  thought  to  be  more 
probably  porphyrites  than  quartz- porphyries. 


YOUNGER  ERUPTIVES. 

RHYOLITE. 

Among  the  acid  orthoclastic  rocks  of  the  district  arc  a  few  occurrences  plainly 
distinct  from  any  that  have  been  referred  to  the  group  of  the  quartz-porphyries. 
Their  mode  of  occurrence  is  different  (see  p.  194)  and  they  possess  to  an  eminent 
degree  the  habit  formerly  considered  characteristic  of  the  younger  eruptives.  No  exact 
data  as  to  age  are  available,  but  they  all  seem  to  be  more  recent  than  the  period  of 
folding  and  faulting. 

The  most  important  body  of  rhyolite  is  that  upon  the  northern  boundary  of  the 
region  under  consideration,  forming  the  mass  of  Chalk  Mountain.  As  this  rock  has 
very  closely  the  habit  of  that  subdivision  of  the  rhyolites  recently  denned  as  Neva- 
dite  by  Messrs.  Hague  and  Iddings,1  that  name  will  be  applied  in  this  description.  Ac- 
cording to  the  definition  of  the  writers  cited,  Nevadite  is  a  rhyolite  "characterized  by 
an  abundance  of  porphyritic  crystals  imbedded  in  a  relatively  small  amount  of  ground- 
mass,"  while  liparite  is  a  rhyolite  "characterized  by  a  small  number  of  porphyritic 
crystals  imbedded  in  a  relatively  large  amount  of  groundraass."  These  terms  simply 
designate  structural  extremes  in  a  group  which  is  so  large  as  to  need  some  such  treat- 
ment. They  occupy  about  the  same  position  as  the  terms  "  granite  porphyry  "  and  "  fel- 
site  porphyry." 

CHALK  MOUNTAIN  NEVADITE. 

General  description — This  rock  is  characterized  by  the  appearance  of  very  numer- 
ous dark  quartz  crystals  and  clear  sanidines,  with  but  very  little  biotite  or  ore,  imbed- 
ded in  a  light  gray  groundmass.  On  the  western  and  eastern  parts  of  the  mountain 
the  feldspars  are  nearly  all  small  and  clear,  and,  as  in  this  modification  there  is  an 
almost  total  absence  of  biotite  and  ore  particles,  the  feldspars  are  scarcely  distin- 
guishable at  first  glance  from  the  enveloping  groundtnass,  which  has  under  the  lens  an 
exceedingly  fine-grained,  homogeneous  texture.  All  this  only  serves  to  bring  out  the 
more  strikingly  the  abundant  dark,  smoky  quartz  crystals,  which  usually  present  the 
prism  in  very  distinct  development.  They  are  here  invariably  fissured  in  all  direc- 
tions, and  fractured  surfaces  have  an  unusually  brilliant,  vitreous  luster.  In  this 
modification  of  the  rock  the  quartz  crystals  seldom  reach  lcm  in  diameter,  and  the 
feldspars,  though  occasionally  more  than  2cm  in  length,  are  usually  less  than  lcm  in 
greatest  diameter. 

'American  Journal  of  Science,  III,  XXVII,  p.  461,  1884. 
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On  the  southern  edge  of  tbe  mountain  and  on  the  northwestern  slope  the  rock 
has  an  even  more  striking  development  than  that  just  described.  Both  quartz  and 
sanidine,  but  specially  the  latter,  occur  in  large  crystals,  and,  while  the  quartz  is  dark, 
as  before,  the  sauidine  possesses  a  most  beautiful,  brilliant,  satiny  luster  upon  a  sur- 
face nearly  parallel  to  the  orthopinacoid,  which  is  particularly  marked  in  fractured 
crystals.  At  the  same  time  biotite  and  ore  specks  appear  in  sufficient  quantity  in  the 
subordinate  groundmass  to  give  it  a  tinge  of  gray  and  cause  it  to  stand  out  plainly 
from  the  feldspars.  The  dark,  smoky  tinge  of  the  quartzes,  the  delicate  but  brilliant 
luster  of  the  sauidiues,  together  with  the  general  freshness  of  all  constituents,  give 
to  the  rock  an  extraordinarily  beautiful  appearance.  On  Plate  VIII,  page  88,  is  a 
heliotype  representation  of  this  Nevadite,  which  but  feebly  expresses  the  strong  con- 
trast between  various  constituents. 

Macroscopic  constituents — Of  the  feldspars  in  this  rock  only  the  sauidine  is  at  all 
prominent,  although  plagioclase  appears  in  small  crystals  and  sparingly  in  the  ground- 
mass.  The  plagioclase  must  be  an  oligoclase  poor  in  lime,  as  is  shown  by  the  rock  analy- 
sis later.  Sauidiue,  much  more  glassy  and  fresh  in  appearance  than  the  plagioclase,  is 
by  far  the  most  interesting  component  of  the  rock.  Many  of  its  crystals  are  Carlsbad 
twins,  sometimes  polysynthetic,  and  exhibit  the  faces  oc  P,  co  P  &,  OP,  and  2P  ob.  The 
luster  which  has  been  mentioned  is  highly  characteristic  and  is  described  in  detail 
below. 

Some  of  the  large,  lustrous  sanidiues  exhibit  a  peculiar  internal  structure.  On 
breaking  open  several  crystals  there  appeared  a  kernel  partially  detached  from  an 
outer  zone  or  shell  about  lmm  in  thickness.  All  free  surfaces  of  the  kernel  are  glis- 
tening crystal  faces,  and  the  inner  surfaces  of  the  shell  are  likewise  regular  crystal 
planes,  upon  which  miuuto  projections  are  found  to  be  like  attached  crystals,  with  the 
same  orientation  as  the  larger  individual.  The  shell  usually  exhibits  the  satiny  luster 
more  markedly  than  the  kernel,  but  no  other  difference  was  noticed  between  the 
substance  of  the  two  parts. 

From  a  clear  crystal  in  which  the  luster  was  not  pronounced  a  section  was  pre- 
pared nearly  at  right  angles  to  the  edge  between  OP  and  »  P  do,  and  the  optical  axes 
were  found  to  lie  near  together  in  a  plane  normal  to  so  P  <x. 

The  quartz  crystals  and  grains  of  this  rock  are  quite  free  from  mineral  inclu- 
sions; glass  has  never  been  observed  in  them  and  arms  or  inclusions  of  the  ground- 
mass  are  alike  nire.  Gas  pores  are,  on  the  other  hand,  quite  abundant,  being  in  part 
negative  crystalline  in  form.  Many  pores,  seeming  at  a  low  power  to  be  merely  filled 
with  gas,  are  really  fluid-inclusions  with  a  relatively  small  amount  of  fluid.  This  is 
very  plain  if  the  cavity  is  irregular,  the  fluid  being  pressed  into  the  angles  or  pro- 
jecting arms,  while  the  main  part  of  the  cavity  is  occupied  by  the  bubble. 

Biotite  is  very  sparingly  developed  in  small  hexagonal  leaves.  Magnetite  is  the 
only  ore  mineral  and  is  present  in  very  small  quantity.  Apatite  and  zircon  are  the 
remaining  accessories,  and  both  are  much  less  abundant  than  is  usual  in  the  rocks  of 
the  district. 

The  groundmass — Quartz  and  feldspar  in  a  very  even-giained  mixture  are  almost 
the  sole  constituents  of  the  grouudmass.  In  the  coarser  variety  of  the  Nevadite  the 
average  size  of  the  grains  is  0.02mm  to  0.05mm,  and  the  greater  part  can  be  identified  as 
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quartz  or  feldspar,  the  larger  portion  of  the  latter  being  inonoclinic.  The  groundmass 
of  the  more  compact  varieties  of  the  rock  is  cryptocrystalliue.  Gas  pores  of  irregu- 
liir  shape  are  present  between  the  granules  in  all  modifications. 

While  there  is  no  niicrofelsitic  substance  and  no  persistent  glassy  base,  properly 
speaking,  there  are  irregular,  disconnected  patches  or  particles  of  a  clear,  structure- 
less, isotropic  matter,  with  branching  arms  filling  spaces  between  grains  of  the  ground- 
mass.  This  substance  is  most  clearly  developed  in  the  coarser  parts  of  the  rock  mass, 
and  it  is  apparently  identical  in  character  with  the  glass  observed  in  the  rhyolite  from 
the  Hohenburg  near  Berknm,  on  the  Bhine,  Germany,  first  described  by  Zirkel.1  In 
manner  of  occurrence  of  this  glass  residue  the  two  rocks  are  very  similar,  though  it  is 
more  abundant  in  the  German  rock.  The  latter  contains  plagioclase  abundantly  in 
the  groundmass  and  its  basic  silicate  is  hornblende. 

Drusy  cavities — In  the  coarser  -grained  parts  of  theNevadite  body  are  numerous 
small  cavities  lined  by  minute  crystals.  At  the  northwestern  point  of  Chalk  Mount- 
ain they  reach  the  maximum  in  size,  some  observed  being  several  centimeters  in  great- 
est diameter.  In  the  larger  ones  the  crystals  reach  a  determinable  size  and  are  found 
to  be  chiefly  sanidine,  in  delicate  glassy  tablets  that  are  always  Carlsbad  twins, 
with  some  quartz,  biotite,  and  topaz.  A  few  stout  crystals  seem  likely  to  be  triclinic 
feldspar,  but  they  could  not  be  definitely  determined.  A  coating  of  manganese  binox- 
ide  is  often  upon  the  crystals  and  dark  spots  in  ihe  mass  of  the  rock  seem  due  to 
the  same  substance.  Both  sanidine  and  topaz  from  these  druses  are  worthy  of  special 
notice  and  are  described  below.  No  minerals  which  can  be  considered  alteration  prod- 
ucts are  found  in  these  druses  and  a  natural  explanation  for  the  occurrence  is  to 
regard  all  the  crystals  as  sublimation  products. 

Topaz — Usually  but  a  single  topaz  is  present  in  one  of  the  druses,  and  that  is 
larger  and  more  perfect  in  development  than  any  other  crystal.  The  topaz  is  attached 
directly  to  the  walls  of  the  cavity  and  often  bears  small  tablets  of  sanidine  upon  it. 
The  crystals  which  can  be  recognized  vary  from  0.5mm  to  3mm  in  length,  but  it  seems 
quite  probable  that  there  are  some  smaller  ones,  indistinguishable  from  quartz. 

The  determination  rests  upon  the  crystalline  form,  which  is  very  distinct  and  is 
that  of  common  topaz.  One  crystal,  measuring  S""11  in  length  and  lmm  in  thickness, 
was  removed  from  the  rock,  and  its  angles  were  measured  with  a  Fuess  reflection 
goniometer.  This  crystal  presents  oo  I3,  o=  ?2  and  2Poo  as  the  dominant  forms;  OP  is 
a  narrow  face  and  4?  00  ,  2P  co  ,  2P,  and  P  are  minute,  but  very  distinct.  The  angles 
measured  are  as  follows: 

ooP  A*P  124°  16' 

ooPSA^P aoveroofoo     93°    7' 

OP  A  2  foe  136°  30' 

OP  A     P  1*»°  11' 

OP  A  2P  115°  55' 

2P  oo  appears  as  a  very  narrow  face  in  the  zone  of  2P  to  2P.  This  is  the  usual  habit, 
with  the  occasional  addition  of  oo  ?  oo  ,  and  a  more  prominent  development  of  OP. 
This  crystal  is  also  imperfectly  terminated  at  the  attached  end,  showing  2p  oo  most 
prominently,  with  4f'  oo  and  2P  also  recognizable,  and  there  are  no  signs  of  henii- 
morphism. 

1  Mik.  Beschaf.  der  Mill,  uud  Gesteiue,  p.  343. 
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No  occurrence  of  topaz  in  eruptive  rocks  has  been  previously  described,  so  far 
as  is  known  to  the  writer.  Topaz  is  found  in  other  parts  of  the  Kocky  Mountains, 
and  iu  Mexico,  where  eruptive  rocks  are  said  to  occur,  but  the  connection  between 
the  two  has  not  been  demonstrated. 

The  satin-like  luster  of  the  sanidines.— The  lustrous  surface  is  in  the  orthodiagonal 
zone  and  inclined  a  few  degrees  to  the  orthopinaeoid,  as  is  evident  iu  the  Carlsbad 
twins,  usually  polysyuthetic,  the  luster  reaching  its  maximum  of  brightness  simul- 
taneously iu  alternate  planes.  Microscopical  investigation  shows  a  most  perfect  parting 
parallel  to  the  surface  of  luster,  and  with  a  knife-blade  flakes  can  be  split  oft'  in  this 
direction,  even  more  readily  than  parallel  to  the  basal  cleavage-plane.  Thin  plates 
parallel  to  the  base  (OP)  show  a  very  fine  striation  at  right  angles  to  the  Hue  of  cc  P  So 
and  ±  to  the  directions  of  extinction.  Thin  flakes  split  ott'  parallel  to  the  lustrous 
surface  show,  under  the  inicioscope,  that  the  luster  is  due  to  interference  of  light  iu 
passing  the  films  of  air  between  the  extremely  thin  plates  produced  by  the  parting. 
The  thinnest  flakes,  composed  of  a  few  plates,  are  transparent  and  exhibit  delicate 
colors  of  interference,  while  those  composed  of  more  plates  arc  dull  translucent  or 
opaque,  the  light  having  been  completely  extinguished  by  the  repeated  interference. 
The  luster  is  then  due  to  reflected  light  from  the  air  tiluis  near  the  surface  and  to  its 
interference.  By  examination  with  a  good  hand  leus,  a  delicate  play  of  colors  may 
be  seen  upon  the  lustrous  surface  of  the  crystals. 

In  the  drusy  cavities  above  described  the  sanidiues  are  thin  tablets,  almost  invari- 
ably Carlsbad  twins,  with  prominent  development  of  the  clinopinacoid.  Such  crystals 
examined  under  the  microscope,  as  they  lie  upon  the  predominant 
pinacoidal  face,  aflbrd  a  means  of  determining  approximately  the 
position  of  the  plane  parallel  to  which  the  parting  referred  to  takes 
place.  The  adjoining  cut  represents  one  of  these  crystals,  a  nor- 
mal Carlsbad  twin,  with  a  third  and  smaller  plate,  also  in  twin  posi- 
tion. The  faces  shown  are :  oo  P,  »  P  3o ,  P  oo,  OP,  and  2P  •«  ,as  indi- 
cated. From  all  the  outlines  and  from  basal  cleavage  or  irregular 
fissures  run  dark  lines,  in  uniform  direction  for  each  individual  of 
the  twin,  and  penetrating  varying  distances  into  the  crystal.  This 
undoubtedly  represents  an  incipient  stage  of  that  parting,  which, 
'«  the  large  crystals  of  the  rock,  occasions  the  brilliant  luster,  for 
t  hrse  dark  lines  do  not  represent  ueedles  of  any  mineral  substance, 
but  the  air  films  filling  the  fissures. 

This  parting  may  be  seen  upon  all  microscopic  sauidine  crystals  of  the  rock,  and 
even  the  irregular  grains  of  that  mineral  in  the  grouudmass,  when  cut  in  the  right 
direction,  show  a  very  fine,  delicate  striation,  which  is  undoubtedly  due  to  the  same 
cause.  As  seen  from  the  figure,  the  position  of  the  surface  is  that  of  a  positive  hemi- 
orthodome,  for  the  cleavage  plates  of  large  crystals  show  the  plane  to  be  at  right  angles 
to  the  clinopinacoid.  Assuming  the  axial  ratio 

a :  I :  c  =  0.653  : 1 : 0.552  and  ft  =  64°, 

as  determined  by  Striiver,1  for  free  crystals  of  sanidine,  the  face  corresponds  closely  to 

J/-P*.    This  would  require  an  angle  of  ^2°  40' with  the  basal  plane,  while  that 

'Cited  by  Tscbermak,  Lehrbucli  dcr  Mineralogie,  p.  455,  1*3.  * 
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measured  iu  the  crystal  figured  was  72°  53'.     Of  course  this  canuot  be  regarded,  under 
the  circumstances,  as  anything  more  than  an  approximate  determination. 

Chemical  composition. —  The  specimen  subjected  to  quantitative  analysis  is  from 
the  northeastern  part  of  Chalk  Mountain  [397]  and  is  of  the  relatively  finer-grained 
modification.  This  was  chosen  iu  order  to  obtain  more  easily  an  average  sample  of 
the  rock.  The  analysis  is  by  W.  F.  Hillebrand. 

SiO2 74.45 

A1.203 14.72 

KcoO3 None 

FeO 0.56 

MnO2 0.28 

CaO 0.83 

MgO 0.37 

K.2O 4.53 

Na20 3.97 

Li2O Trace 

H2O   0.6C 

P,0. 0.01 


100.38  '    . 

The  rarity  of  biotite  and  of  magnetite  in  this  rock,  which  has  already  been 
emphasized,  is  certainly  confirmed  by  this  analysis.  In  fact,  it  is  evident  that  no 
minerals,  aside  from  quartz  and  feldspar,  play  any  important  role.  The  large  amount 
of  soda  shown  by  the  analysis  made  it  desirable  to  know  how  large  a  share  of  it  was 
contained  in  the  sanidine,  and  an  analysis  of  a  large  clear  crystal  was  therefore  made. 
The  result  was  as  follows : 


CaO  

0.  79 

K2O  

9.74 

Na.2O  ) 

4  11 

LijO  5   ' 
H2O              

0.29 

100. 37 


From  this  it  may  be  safely  assumed  that  a  large  part  of  the  soda  found  in  the  rock 
belongs  to  the  sanidiue,  for  no  visible  impurities  were  present,  such  as  plagioclase 
grains.  The  same  holds  true  for  the  lime.  It  is  worthy  of  note  that  the  silica  per- 
centage is  the  highest  yet  obtained  in  any  rock  of  the  region. 


BLACK    HILL    RHYOLITK. 


The  rhyolite  forming  Black  Hill,  in  the  southeastern  corner  of  the  mapped  dis- 
trict, is  like  the  Chalk  Mountain  Nevadite  in  being  composed  almost  wholly  of  quartz 
and  feldspar,  but  the  resemblance  otherwise  is  not  very  marked,  for  the  Black  Hill 
rock  possesses  a  groundmass  which  is  fully  equal  quantitatively  to  the  small  imbedded 
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crystals.  Both  feldspars  are  present  in  numerous  crystals,  but  orthoclase  alone  is 
prominent  in  the  groundmass.  Quartz  occurs  in  abundant,  slightly  smoky  crystals. 
Biotite,  in  small  hexagonal  leaves,  is  sparingly  scattered  through  the  whole,  and  mag- 
netite is  also  insignificant  as  a  constituent. 

Fluid  inclusions  appear  iu  both  orthoclase  and  quartz,  particularly  in  the  latter, 
and  sometimes  carry  white  cubes,  apparently  of  salt.  There  are  glass  inclusions  also 
in  the  quartz,  but  not  plentifully.  The  groundmass  is  granular  and  shows  no  glass 
substance  like  that  iu  the  Nevadite. 

The  orthoclase,  though  fresh  looking,  has  none  of  the  glassy  appearance  of 
sanidine,  and  it<  must  be  confessed  that  there  is  little  evidence  in  the  observed  charac- 
teristics of  the  rock  demanding  that  it  be  separated  from  the  quartz-porphyries.  There 
is  no  direct  evidence  of  its  age,  and  its  classification  as  a  younger  rock  rests  chiefly 
upon  the  following  facts.  In  mode  of  occurrence  and  in  composition  it  is  more  nearly 
related  to  the  Chalk  Mountain  Nevadite  than,  to  any  other  rock  of  the  region  described. 
It  lies  separated  by  a  considerable  space  from  all  other  eruptives  of  the  map,  but  is 
adjoined  at  no  great  distance  on  the  south  and  southeast  by  a  large  series  of  rhyolites 
and  andesites.  It  is  regarded  as  most  probably  related  to  these  in  its  origin.  A  silica 
determination  in  fresh  rock  gave  69.54  per  cent.  [140]. 

M°NTTLTY   GULCH  EHYOLITE. 

Occurrence — On  the  northern  boundary  of  the  area  mapped,  at  the  western  base 
of  Bartlett  Mountain,  occurs  a  rhyolite  of  peculiar  character.  It  appears  in  one  large 
and  several  small  bodies  at  the  head  of  McNnlty  gulch  (not  indicated  on  the  map), 
which  runs  north  and  enters  the  Ten-Mile  River  at  Carbonateville.  White  Ridge, 
between  Chalk  ranch  and  Chalk  Mountain,  is  also  formed  of  this  rock,  as  are  one  or 
two  minor  bodies  west  of  Chalk  Mountain,  which  are  not  shown  upon  the  map. 

At  the  head  of  McNulty  gulch  this  rock  cuts  porphyrite  and  the  fresh-looking 
quartz-porphyry  which  <  ccurs  in  the  synclinal  fold  at  this  point.  All  these  rocks 
extend  northward  into  the  Ten-Mile  district,  and  they  will  be  more  fully  treated  iu  the 
forthcoming  report  upon  that  region. 

Description — in  the  largest  body  of  this  rhyolite,  indicated  upon  the  map,  the 
prevailing  habit  is  that  of  a  light-colored  rock,  showing  numerous  slightly  pinkish 
quartz  crystals,  white  glassy  feldspars,  and  bright  brown  uiotite  leaves,  with  a  subor- 
dinate ashen-gray  groundmass  between  them.  Few  crystals  exceed  0.5cm  in  diameter, 
and  the  average  is  much  less.  Intimately  associated  with  the  above  variety,  usually 
in  alternating  bands  or  streams,  with  rapid  though  gradual  transitions,  is  a  darker 
modification,  in  which  the  development  of  the  quartz  in  particular  has  been  hindered, 
while  feldspar  and  biotite  are  abundant  in  smaller  individuals  than  before.  The  ground- 
mass  becomes  at  once  more  prominent  and  darker  brown  in  color,  determining  the 
general  hue  of  the  rock.  The  thicker  these  dark  portions  are  the  more  completely  the 
quartz  disappears.  In  the  most  compact  parts  of  the  rock  a  fluidal  structure  is  macro- 
scopically  visible  and  small  glistening  prisms  of  hornblende  appear.  About  included 
fragments  of  sandstones,  etc.,  this  rhyolite  grows  compact  iu  a  similar  manner,  and 
also  on  the  contact  with  wall  rock. 
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The  smaller  masses,  though  sometimes  light-colored,  seldom  contain  much  macro- 
scopically  visible  quartz,  and  hornblende  is  usually  more  or  less  abundant  with  the 
biotite. 

Microscopical — The  quartz- bearing  variety  shows  under  the  microscope  a  decided 
preponderance  of  sanidine  over  plagioclase.  The  former  is  in  most  cases  in  fragments 
of  crystals,  while  the  plagioclase  is  often  in  well-defined  individuals.  A  few  glass 
inclusions  were  seen  in  both  quartz  and  feldspar,  while  no  fluid  inclusions  were  noticed. 
Apatite  and  magnetite  are  rather  sparingly  present.  No  hornblende  could  be  found 
accompanying  the  biotite  in  this  form.  The  groundmass  is  cryptocrystalline  and  is 
made  up  of  colorless  grains  and  ferritic  specks  which  are  undeterminable.  It  seems 
probable  that  there  is  some  microfelsitic  matter  present,  but  it  could  not  be  definitely 
recognized  and  there  is  certainly  no  glass  base. 

The  microscope  shows  almost  as  much  hornblende  as  biotite  in  the  compact  rock 
and  there  is  also  a  larger  determiuable  amount  of  plagioclase  than  in  the  preceding 
variety,  with  the  same  distinction  noticed  before  in  contrast  with  the  sanidine,  viz, 
that  the  latter  mineral  is  more  frequently  in  a  fragmentary  state,  while  the  former  is 
well  crystallized.  Quartz  is  present  in  clusters  of  small  irregular  grains  and  rarely 
in  crystals.  The  groundmass  is,  as  before,  cryptocrystalline,  but  its  component  par- 
ticles are  often  minute  prisms  or  flakes  and  there  are  more  yellowish  or  opaque  grains. 

In  the  darkest  modifications  a  small  amount  of  quartz  can  always  be  recognized, 
but  by  no  means  enough  to  represent  the  crystals  of  the  light-colored  variety.  Still 
everything  seems  to  indicate  that  the  various  forms  are  modifications  of  one  magma 
and  do  not  differ  greatly  in  chemical  composition.  So  far  as  the  silica  is  concerned,  the 
truth  of  this  idea  was  fully  established  by  three  determinations  made,  respectively,  in 
the  quartz-bearing  variety,  the  compact  form  associated  directly  with  it,  aud,  thirdly, 
in  a  very  light-colored  rock  from  a  small  isolated  occurrence  not  visibly  connected 
with  any  other.  These  yielded,  in  the  order  named,  65.75  per  cent.,  65.21  per  cent., 
and  65.63  per  cent,  of  silica. 

EMPIRE   GULCH  RHYOLITE. 

About  opposite  the  Long  and  Derry  mine,  on  the  south  side  of  Empire  gulch, 
there  is  a  small  body  of  rhyolite  occurring  as  a  bed  below  the  Silurian  Limestone  [268]. 
This  is  unlike  any  other  of  the  rocks  examined  and  deserves  a  short  description.  It 
is  white,  barring  the  specks  of  biotite,  and  very  fine-grained,  although  the  lens  shows 
man y  clear  and  sharp  quartz  crystals.  The  feldspar  is  distinguishable  from  the  ground- 
mass  through  its  superior  whiteness  and  is  apparently  no  longer  fresh.  The  average 
size  of  the  visible  crystals  is  about  lmm. 

Under  the  microscope  the  minute  quartz  crystals  are  seen  to  be  well-shaped  and 
to  contain  very  characteristic  clear  glass  inclusions,  with  none  of  fluid  or  groundmass, 
and  a  very  few  apatite  needles.  The  feldspars  are  chiefly  ortboclase,  though  accom- 
panied by  plagioclase,  and  both  seem  to  be  much  altered,  calcite  being  the  most 
prominent  decomposition  product.  They  contain  some  inclusions  of  glass,  now  much 
devitrified.  The  biotite  is  fresh  and  characteristic.  Magnetite  is  very  sparingly 
present. 


352  GEOLOGY  AND  MINING  INDUSTKY  OF  LEADVILLE. 

The  groundinass  has  a  mottled  appearance  in  ordinary  light  through  the  gathering 
of  exceedingly  minute  brownish  particles  about  certain  centers,  but  no  optical  proofs 
of  a  radiate  structure  could  be  detected.  The  quartz  crystals  are  surro  unded  by  a 
zone  of  similar  constitution.  Seen  in  polarized  light,  the  whole  groundmas_s  seems 
cryptocrystalline,  no  isotropic  matter  being  visible.  The  substances  forming  it  could 
not  be  identified,  and  they  seem  to  be  rather  needle-shaped  or  foliate  than  granular. 
An  alkali  determination  in  this  rock  gave  3.50  per  cent,  of  potash  aud  2.17  per  cent, 
of  soda,  while  the  silica  was  determined  at  68.05  per  cent.,  thus  confirming  the  iden- 
tification as  an  acid  orthoclastic  rock. 

OTHER   RHYOLITES. 

Rhyolitic  tufa  in  South  Park — Four  miles  south  of  Fairplay  and  one  mile  east  of 
the  limit  of  the  map  is  a  small  outcrop  of  rhyolitic  tufa  occurring  in  the  red  sand- 
stones of  the  Upper  Carboniferous  [141].  It  is  of  very  limited  extent  and  is  appar- 
ently the  extremity  of  an  arm  reaching  out  from  some  of  the  larger  masses  of  rliy- 
olite  lying  to  the  south  or  east.  It  is  of  a  pink  color,  very  light  aud  porous,  aud 
includes  many  fragments  of  sandstone  as  well  as  pieces  of  a  still  lighter  tufa.  Glassy 
feldspar,  swarming  with  delicate  glass  inclusions,  quartz,  biotite,  and  hornblende,  can 
all  be  recognized.  The  cementing  matter  is  dull,  stained,  fibrous,  and  largely  micro- 
felsite.  The  tufa  contains  70..'i  per  cent,  of  silica. 

Dike  in  the  Ten-Mile  amphitheater — A  rock  which  seems  to  be  related  to  the  Chalk 
Mountain  Nevadite  occurs  in  the  amphitheater  forming  the  source  of  Ten-Mile  Creek, 
just  east  of  Chalk  Mountain  [139].  It  appears  as  a  dike  in  the  Archeau,  for  the  amphi- 
theater lies  immediately  east  of  the  great  Mosquito  fault.  On  account  of  decompo- 
sition of  the  feldspars,  forming  a  light  greenish-yellow  mica,  the  exact  parallelism  be- 
tween the  two  rocks  cannot  be  absolutely  established.  The  macroscopical  appearance 
suggests  an  intimate  relationship. 

Breccia  in  the  Eureka  shaft — in  the  Eureka  shaft,  Stray  Horse  gulch,  near  Lead- 
ville,  a  brecciated  material  was  found,  in  which,  among  other  rocks,  is  a  rhyolite  con- 
taining biotite  and  larger  crystals  of  feldspar  than  the  type  from  Empire  gulch,  but 
with  a  similar  groundmass  [204].  The  sanidiues  abound  in  glass  inclusions,  and, 
besides  the  quartz,  which  is  not  specially  abundant,  there  are  aggregates  of  tridymite. 

QUARTZIFEROUS   TRACHYTE. 

At  the  head  of  Little  Union  gulch,  south  of  Leadville,  a  rock  was  found  travers- 
ing the  Archean  and  Lower  Quartzite  in  an  irregular  dike,  which  must  be  regarded  as 
a  quartz  bearing  trachyte  [142].  Owing  to  its  small  ;irea  and  minor  geological  signifi- 
cance, it  has  not  been  designated  by  a  distinct  color  on  the  map,  but  has  been  included 
under  that  of  rhyolite. 

Its  macroscopical  appearance  is  very  different  from  that  of  any  other  rock  of  the 
region.  The  color  is  dark  gray,  its  most  prominent  constituent  being  a  glistening- 
brown  biotite,  with  small  glassy  feldspars  aud  a  number  of  rounded  yellowish  quartz 
grains.  Between  these  is  an  ill  defined,  gray  groundmass,  which  is  quantitatively 
much  subordinate  to  the  crystalline  constituents.  None  of  the  crystals  exceeds  0.5cm 
in  diameter. 
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Microscopical — Ortboclase  (sauidine)  and  plagioclase  seem  nearly  equal  in  impor- 
tance. Both  are  very  fresh  and  in  most  cases  contain  few  interpositions,  although  a 
few  crystals  carry  a  very  large  number  of  devitrifled  inclusions.  Hornblende  in  yel- 
lowish-green individuals  is  quite  plenty  beside  the  biotite  and  both  minerals  are 
fresh.  The  amount  of  quartz  seems  limited  to  the  macroscopically  visible,  rounded 
grains,  and  these,  by  their  freedom  from  all  inclusions  and  worn  appearance,  seem  like 
accidental  rather  than  normal  constituents  of  the  rock.  Their  number  is  small,  and 
even  if  original  it  seems  more  proper  to  consider  them  as  accessory.  A  silica  deter- 
mination of  an  average  specimen  yielded  but  61.22  per  cent.,  so  that  it  is  evidently  not 
to  be  classed  with  the  acidic  group.  Magnetite  is  abundant,  as  well  as  pale  mineral  in 
irregular  oblong  grains,  which  may  be  titanite.  Apatite  is  inclosed  in  all  the  larger 
elements  excepting  the  quartz. 

The  grouudmass  is  microfelsitic  in  large  degree  and  contains  few  crystalline  par- 
ticles. It  shows  a  distinct  fluidal  structure,  made  plain  by  the  contrast  between  the 
portions  carrying  indistinct  brown  needles  and  colorless  portions.  The  needles  are 
sometimes  grouped  in  an  imperfectly  radiate  manner  about  some  small  crystal,  in  a 
manner  similar  to  that  in  felso-spherulites.  These  act  feebly  on  polarized  light,  giving 
a  faint  black  cross  when  seen  between  crossed  nicols.  Some  colorless  isotropic  spots 
seem  to  be  glass.  The  movements  which  produced  the  fluidal  structure  are  also  indi- 
cated by  the  crumpled  biotite  leaves  and  broken  hornblende  prisms. 

ANDESITE. 

Andesitic  rocks  have  not  been  found  within  the  limits  of  the  Mosquito  Eange 
map,  but  at  the  Buffalo  Peaks,  a  few  miles  south,  a  large  variety  occurs.  In  the  course 
of  a  hurried  trip  a  number  of  specimens  were  collected  from  this  locality,  represent- 
ing several  types;  of  these,  two  are  sufficiently  marked  in  character  and  occurrence 
to  merit  particular  notice. 

PYROXENE-BEARING  HORNBLENDE- A.NDESITE. 

Macroscopical — The  rock  which  in  the  form  of  a  sheet  caps  the  mountain  is  a  pro- 
nounced hornblende-audesite  [143].  Macroscopically  it  is  dark  brown  in  color  and 
contains  feldspar  in  clear  or  ashen-gray  crystals  and  dark,  glistening  hornblende 
prisms  as  most  prominent  constituents.  With  the  aid  of  the  lens  green  prisms  of 
pyroxene  and  ore  particles  are  quite  abundantly  visible.  The  brownish  grouudmass, 
which  gives  tone  to  the  whole  rock,  is  rather  more  abundant  than  all  the  crystals 
together. 

Microscopical — Under  the  microscope  the  hornblende  is  found  to  possess  the  usual 
characteristics  of  that  mineral  in  such  rocks.  It  has  a  dark,  granular  border,  or  is 
occasionally  entirely  replaced  by  a  mass  containing  opaque  ore  grains,  augite  prisms, 
and  some  calcite  as  secondary  elements.  Besides  the  hornblende  appear  both  hypers- 
thene  and  augite,  in  smaller  crystals,  but  more  numerous.  The  former  of  these 
minerals  possesses  the  same  characteristics  as  in  the  accompanying  hypersthene- 
audesite.  Most  of  the  feldspars  are  distinctly  plagioclase  and  some  of  them  contain 
irregular  glass-inclusions  in  great  number,  many  of  which  are  now  much  devitrified. 
Magnetite  and  large  dusty  apatite  prisms  are  sparingly  present  among  the  porphy- 
ritfcally  imbedded  crystals. 
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The  groundroass  is  a  mixture  of  delicate  plagioclase  staves,  minute  prisms  of 
hypersthene  and  augite,  with  magnetite  anil  a  scanty  glass  base  between  them,  the 
latter  devitrifled  by  brownish  globulites. 

HTPERSTHENE-ANDESITE. 

On  the  northeast  shoulder  of  the  mountain  a  very  dark  compact  rock  occurs,  which 
seems  to  be  an  almost  typical  angite-andesite.  Macroscopically  there  are  numerous 
small  glassy  feldspars  visible  and  a  few  green  grains  and  ore  specks,  but  the  black, 
generally  vitreous  groundmass  is  much  more  prominent  [144].  The  microscopical  ex- 
amination shows  a  very  close  resemblance  to  the  well-known  Hungarian  "  augite- 
andesites "  of  similar  macroscopical  habit.  The  rock  contains  no  hornblende  and 
no  biotite,  while  the  pyroxene  consists  in  part  of  hypersthene  and  in  part  of  common 
augite.  Hypersthene  is  the  more  characteristic  bisilicate  in  this  rock,  and  the  name  is 
therefore  given  as  above.  Its  determination  rests  upon  careful  optical  and  chemical 
investigations. 

Comparative  study  in  connection  with  the  above  rock  has  shown  that  a  large 
number  of  so-called  augite-andesites,  both  in  this  country  and  in  Europe,  are  more  cor- 
rectly to  be  considered  as  hypersthene-andesites.  Detailed  investigations  in  regard 
to  the  Buffalo  Peak  rock  and  a  comparative  microscopical  examination  of  allied  occur- 
rences are  given  in  Bulletin  No.  1  of  the  series  published  by  the  United  States  Geo- 
logical Survey,  ''On  Hypersthene- Andesite,''  &c. 

On  Plate  XXI  are  heliotype  reproductions  of  photographs  showing  the  com- 
position and  structure  of  the  chief  andesite  types  of  the  Buffalo  Peaks.  The  result 
is  so  unsatisfactory  that  the  figures  convey  but  an  indistinct  impression.  In  Fig.  2, 
however,  the  small  prisms  of  hypersthene  are  distinguishable  from  augite,  which  occurs 
chiefly  in  peculiar  aggregates,  with  magnetite,  feldspar,  and  sometimes  with  biotite, 
as  shown  in  the  lower  left-hand  portion  of  the  figure. 

TUFACEOUS   ANDESITES. 

The  tufaceous  rocks  of  the  Buffalo  Peaks  are  chiefly  if  not  entirely  of  ande- 
sitic  character,  although  they  exhibit  a  very  wide  range  in  composition  and  texture. 
Some  of  them  are  loose  or  friable  ash-beds,.others  contain  a  large  amount  of  dark 
pearlitic  glass  with  the  ashy  material,  and  still  other  beds  are  so  compact  as  to  resem- 
ble massive  rocks.  In  composition  they  vary  greatly,  especially  in  regard  to  the  more 
basic  silicates,  for  hornblende,  biotite,  hypersthene,  and  augite  are  respectively  the 
characteristic  minerals  in  different  beds,  while  they  frequently  occur  t<  gether. 

The  pebbles  included  in  these  tufas  represent  as  many  types  of  massive  ande- 
sites  as  are  indicated  by  the  various  beds  of  tufa.  Granite  is  also  frequently  found, 
especially  in  some  layers,  and  sometimes  in  large  bowlders. 

RESUME. 

In  the  following  lines  are  brought  together,  in  concise  form,  the  results  and  par- 
ticular features  of  the  preceding  description  which  are  deemed  of  special  importance 
or  interest: 
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THE  ROCK  STRUCTURES   OBSERVED. 

But  three  granular  rocks  were  found,  all  of  them  diorites.  In  striking  con- 
trast to  this  rarity,  it  is  observed  that  all  the  numerous  quartz-porphyries  and  por- 
phyrites  are  holocrystalline  and  that  the  groundmass  is  in  nearly  all  cases  evenly 
granular.  Although  these  rocks  occur  both  in  dikes  and  in  relatively  large  masses, 
this  markedly  crystalline  structure  is  wonderfully  persistent  through  the  extent  of 
the  existing  variation  in  conditions. 

INDIVIDUAL  BOOK   TYPES. 

Of  the  various  rock  types  described,  the  following  seem  specially  noteworthy: 

1.  white  Porphyry — This  rock  illustrates  a  transition  stage  between  the  granu- 
lar and  porphyritic  structures.    Its  imbedded  crystals  are  few  and  small,  but  they 
evidently  correspond  to  the  more  prominent  constituents  of  the  typical  porphyry, 
whether  viewed  from  the  structural  standpoint  or  considered  in  the  light  of  the  genetic 
principle  discussed  in  the  introduction.    In  mineralogical  composition  this  is  an  inter- 
esting type,  because  of  the  absence  of  biotite  or  a  bisilicate  as  an  essential  constitu- 
ent.   Even  the  intimate  relationship  to  a  biotite-bearing  rock  indicates  nothing  more 
than  the  possible  presence  of  biotite  in  very  insignificant  quantity.    The  common  acces- 
sories, apatite  and  magnetite,  are  also  very  rare. 

2.  Lincoln  Porphyry — This  widely  distributed  type  is  remarkable  for  its  large 
orthoclase  crystals,  developed  during  the  later  stages  of  consolidation,  in  the  presence  of 
abundant  plagioclase.    The  persistency  with  which  these  crystals  are  found  in  masses 
of  various  conditions  of  occurrence  gives  at  first  a  somewhat  erroneous  impression  as 
to  the  distinctness  of  the  type.    Only  the  observance  of  many  occurrences  leads  to  a 
correct  understanding  of  the  relations  of  this  rock. 

3.  Nevadite — This  variety  has  solidified  at  a  stage  seldom  illustrated  by  instances 
.which  have  been  previously  described.    In  its  granular  groundmass,  consisting  almost 
wholly  of  quartz  and  orthoclase,  are  still  a  few  isolated  particles  of  clear  glass,  a  case 
directly  analogous  to  but  one  occurrence  known  to  the  writer.    The  present  form 
may  be  considered  as  a  fair  type  of  the  division  of  the  rhyolite  called  "Nevadite" 
by  Messrs.  Hague  and  Iddings.    The  peculiar  mineralogical  components  are  referred 
to  below,  and  a  glance  at  the  quantitative  analysis  will  show  a  wonderfully  simple 
chemical  constitution.     Silica,  alumina,  potash,  and  soda  make  up  97.67  per  cent, 
of  the  whole,  no  other  element  reaching  1  per  cent. 

4.  Hypersthene-bearing  andesite — The  rocks  from  the  Buffalo  Peaks,  in  which  hyper- 
sthene1  was  identified  as  a  prominent  constituent,  are  especially  noteworthy  only 
as  the  first  ones  in  America  in  which  the  important  role  played  by  that  mineral  was 
recognized.    The  experience  of  the  last  two  years  has  shown  the  writer  that  andesites 
containing  hyperstheue  as  an  essential  constituent  are  very  abundant  in  Southwestern 
Colorado,  while  their  distribution  in  the  Great  Basin  and  among  the  volcanoes  of  the 
Pacific  coast  has  been  shown  by  the  publications  of  Messrs.  Hague  and  Iddings 2  and 
Diller.3 

1  Bulletin  No.  1,  United  States  Geological  Survey,  1883. 

'American  Journal  of  Science,  III,  XXVI,  222,  Ih83.     Idem.,  XXVII,  453, 1884. 

3Americau  Journal  of  Science,  III,  XXVIII,  252, 1884. 
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MUTUAL  BELATIONS  OF  BOOK  TYPES. 

The  large  number  of  porphyrites  constitute  a  series  connecting  the  most  dis- 
tinctly plagioclastic  forms  with  those  in  which  orthoclase  assumes  a  very  prominent 
place  by  virtue  of  its  abundant  large  crystals.  The  full  significance  of  this  transi- 
tion will  be  shown  in  a  forthcoming  report  upon  the  Ten-Mile  mining  district,  which 
lies  immediately  north  of  the  Leadville  region. 

BOOK  CONSTITUENTS. 

During  the  study  of  the  eruptives  which  have  been  described  several  constitu- 
ents were  found  to  possess  unusual  development,  while  some  of  great  rarity  were 
noticed. 

1.  Lustrous  sanidine — The  sanidine  of  the  Chalk   Mountain  Nevadite  is  charac- 
terized by  a  delicate  but  perfect  parting,  parallel  to  a  plane  in  the  orthozone,  deter- 
mined approximately  as  *f-  P^ .    When  this  parting  is  highly  developed  it  causes  a 
brilliant  satiuy  luster  parallel  to  the  plane  of  parting.    (See  p.  348.) 

2.  Zircon — Minute  but  highly  perfect  crystals  of  nearly  colorless  zircon  are  regu- 
larly, and  sometimes  abundantly,  scattered  through  nearly  all  of  the  rocks  described. 

3.  Allanite — The  main  group  of  the  quartz-porphyries  and  porphyrites  contains 
allanite  regularly,  but  sparsely,  distributed  through  it.     With  the  exception  of  the 
contemporaneous  identification  by  Mr.  Idclings,  no  instance  of  the  occurrence  of  this 
mineral  in  such  rocks  is  known  to  the  writer.    (See  p.  329.) 

4.  Topaz — This  does  not  appear  as  a  rock  constituent  proper,  but  is  found  in 
drusy  cavities  in  the  Nevadite.    It  is  associated  here  with  quartz,  sanidine,  and  biotite 
crystals  and  seems  to  be  a  sublimation  product.    (See  p.  347.) 

5.  Orthoclase  fragments — in  a  dark  porphyrite  containing  abundant  hornblende 
and  biotite  and  occurring  as  a  dike  in  the  Archean,  were  found  numerous  pebble-like 
fragments  of  orthoclase,  each  belonging  to  a  single  individual  and  unlike  anything 
observed  in  other  rocks  of  the  region.    These  rounded  pieces  are  analogous  to  worn 
fragments  of  foreign  rocks  often  seen  in  neighboring  dikes,  but  their  true  nature  could 
not  be  definitely  established.    (See  p.  339). 

DECOMPOSITION   OF  KOCK   CONSTITUENTS. 

Notwithstanding  the  uniform  and  simple  composition  of  the  rocks  described,  a 
few  points  of  great  interest  were  observed  in  connection  with  the  decomposition  of 
their  constituents. 

i.  The  Sacramento  Porphyrite  illustrates  the  tendency  to  the  formation  of  a  siugle 
end  product  from  all  the  chief  decomposable  elements,  to  a  degree  hitherto  unknown 
to  the  writer,  either  in  literature  or  in  personal  experience.  Some  specimens  of  this 
rock  show  epidote  replacing  hornblende,  biotite,  orthoclase,  and  plagioclase,  all  other 
secondary  products  being  comparatively  insignificant  in  these  cases.  In  certain  other 
-.specimens  of  the  same  rock  a  common  result  of  the  decomposition  of  biotite,  ortho- 
clase, and  plagioclase  is  muscovite,  epidote  and  all  other  alteration  products  being 
here  subordinate.  (See  p.  341.) 
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2.  Muscovite  from  biotite — The  unusual  process  by  which  biotite  is  replaced  by  a 
mineral  indistinguishable  from  the  adjacent  decomposition  product  of  orthoclase  is 
further  illustrated  in  the  Mount  Zion  (p.  324),  Lincoln  (p.  330),  and  Mosquito  (p.  328) 
Porphyries.    The  intermediate  stages  are  referred  to  in  the  text. 

3.  Epidote. — This  mineral  undoubtedly  replaces  both  feldspars  in  several  rocks 
where  no  intermediate  stage  can  be  seen.    While  the  chemical  replacement  of  ortho- 
clase substance  by  epidote  is  not  easily  understood,  it  is  a  fact  that  the  replacement 
does  occur  when  the  conditions,  whatever  they  may  be,  are  favorable  (p.  341). 

4.  Hornblende  outlines — The  Gray  Porphyry  has  fresh  or  partially  decomposed 
biotite,  while  containing  evidences  that  hornblende  was  a  former  constituent,  although 
it  is  now  always  represented  by  various  extreme  decomposition  products  in  areas  hav- 
ing the  characteristic  outline  of  hornblende.    This  hornblende  must  represent  an  early 
product  of  consolidation,  destroyed  in  the  manner  commonly  noticed  in  andesites,  and 
both  its  former  existence  and  its  destruction  are  very  probably  connected  with  the 
fact  that  the  Gray  Porphyry  sheet  at  Leadville  is  12  miles  away  from  the  eruptive 
channel  upon  Eagle  River.     (See  p.  331.) 

5.  Rutile  and  anatase  from  biotite — The  early  stages  of  the  decomposition  of  biotite 
are  usually  accompanied  by  the  formation  of  yellow  needles  or  of  small,  apparently 
tetragonal  tablets,  or  of  both  forms.    The  identity  of  the  former  with  rutile  is  ex- 
ceedingly probable,  as  they  are  often  twinned  in  the  characteristic  manner  and  cor- 
respond to  what  have  been  elsewhere  identified.    The  nature  of  the  latter  forms  is 
less  easily  shown,  but  they  agree  well  with  the  descriptions  of  anatase  by  Diller,  * 
while  the  association  with  the  needles  seems  confirmatory  of  this  determination. 

NEGATIVE   OBSERVATIONS. 

The  absence  of  certain  minerals  as  constituents  in  some  cases  is  worthy  of  note. 
Thus  in  the  White  Porphyry  no  biotite  or  bisilicate  appears,  even  in  small  quantity  j 
apatite  is  very  rare  in  the  same  rock  and  seems  to  be  wanting  entirely  in  the  Pyritif- 
erous  Porphyry;  angite  appears  in  a  single  rock,  and  olivine-bearing  types  are  wholly 
wanting. 

CHEMICAL   COMPOSITION. 

The  simple  composition  of  the  Nevadite  and  of  the  White  Porphyry  has  been 
referred  to  above.  The  relations  of  the  types  are  noteworthy  and  will  be  apparent 
from  an  examination  of  the  accompanying  table,  in  which  the  analyses  previously 
given  are  reproduced. 

1  Diller,  J.  8.     Neues  Jahrbuch  fur  Miueralogie,  etc.,  I,  187,  1883. 
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Analyses  of  eruptite  rocks. 


SiOi  TiO» 

AliOi  FeiOj 

FeO  MnO 

CaO 

BaO 

SrO 

MgO 

K>O|KaiO 

Li,O 

HK) 

CO, 

PiO, 

Cl. 

Total. 

Mount  Zion  Por- 
phyry, p.  323.. 

White  Porphy- 
ry, p.  324  

Mosquito  Por- 
phyry, p.  327  .  . 

73.50 
70.74 
(W  01 

14.87 
14.68 

0.95 

0.69 

0.42 
0.58 

0.03 
0.06 

2.14 
4.12 

0.03 

Tr. 
Tr. 

0.29 
0.28 

3.56 
2.59 

'" 
" 

2.89 
2.93 
2.57 
2.70 

1.97 
1.43 
4.53 

a  50 

3.46 
2.29 
4.26 
2.91 
3.92 
3.46 
3.55 
4.0ri 

3.50 
3.98 
3.97 

2.17 


... 

0.90 
2.09 

2.14 



Tr. 

100.12 
100.29 

Pyiitiferous 
Porphyry,p.326 

Lincoln  Porphy- 
ry p.  328  

86.45 
68.10 
65.08 
60.42 

56.62 
84.81 
74.45 

0.10 
0.07 

15.84 
14.97 

2.59 
2.7? 

1.43 
1.10 

0.09 
0.09 

2.90 

3.04 



0.07 
0.08 

,,, 

1.10 

I 



0.84 
1.28 

1.3;-| 
0.92 

0.36 
0.16 
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NOTES  UPON  THE  HENRY  MOUNTAIN  BOCKS.1 

The  Henry  Mountain  rocks  are  of  two  principal  classes,  one  horublendic,  the 
other  angitic,  with  plagioclase  as  the  predominant  feldspar  in  both  cases. 

HOENBLENDIC    ROCKS. 

Macroscopical — The  horublendic  varieties  have  as  a  class  a  much  more  recent  ap- 
pearance than  theMosquitoKangeporphyritesrwith  which  they  agree  in  composition  and 
microscopical  structure.  This  arises  from  theprevailing  light-grayish  tone  of  the  ground- 
mass  and  the  glassy  luster  of  the  feldspars.  Nearly  all  specimens  show  a  decidedly 
porphyritic  structure,  although  they  vary  greatly  in  the  relative  proportions  of  the 
groundmass  to  macroscopic  elements.  A  white  or  glassy,  colorless  feldspar,  in  short, 
stout  crystals,  or  less  frequently  in  tablets,  and  a  glistening  dark  hornblende  are  the 
only  macroscopic  minerals  of  prominence.  A  few  rounded  quartz  grains  are  visible 
in  some  of  the  specimens,  and  pale-yellow,  brilliant  crystals  of  titauite  can  be  detected 
in  most  of  them;  also,  minute  ore  grains.  The  gronndmass  in  which  these  minerals 
lie  is  gray  or  tinged  with  red  when  fresh,  but  is  greenish  or  dull  gray  when  attacked. 
Careful  search  with  the  lens  shows  the  characteristic  striatiou  of  triclinic  feldspars  on 
many  individuals,  but  it  is  much  less  prominent  than  usual.  The  hornblende  is  sub- 
ordinate both  in  size  and  number  of  its  crystals,  and  seldom  appears  in  the  ground- 
mass  in  sufficient  quantity  to  give  it  a  greenish  tinge,  as  was  common  in  the  Mosquito 
Range  porphyrites.  Few  feldspars  reach  a  diameter  greater  than  lcm,  while  the 
average  is  below  0.5cm. 

Microscopical — No.  04  will  be  first  described,  as  it  corresponds  so  nearly  to  our 
Mosquito  gulch  type,  and  the  mutual  relations  of  the  two  rock  groups  can  thus  be  made 
most  easily  apparent.  The  only  minerals  appearing  in  large  crystals  are  feldspar  and 
hornblende.  No  quartz  grains  fall  in  the  section.  Other  minerals  to  be  distinguished 
from  those  in  the  groundmass  are  zircon,  apatite,  magnetite,  and  possibly  some  titanic 
iron.  An  unknown  pale-green  mineral,  polarizing  strongly,  is  present  in  irregular 
grains  in  the  groundmass  (pyroxene?).  It  is  not  abundant. 

The  feldspar  is  clearly  plagioclase  in  nearly  all  cases  when  seen  in  polarized 
light.  Most  crystals  show  distinct  laminse  running  fully  across  them,  but  others  con- 

1  These  notes  were  prepared  at  the  request  of  Mr.  Emmons  for  purposes  of  comparison  with  the 
eruptive  rocks  of  the  Mosquito  Range.  The  examinations  were  made  upon  small  specimens  and  thick 
sections,  comparatively  few  new  sections  having  been  made.  As  the  material  was  in  a  measure  incom- 
plete and  is  no  longer  at  hand  for  further  study,  the  notes  are  presented  without  elaboration  iu  sub- 
stantially their  original  form.  The  references  are  to  the  notes  of  Capt.  C.  E.  Dutton  in  G.  K.  Gilbert's 
report  upon  the  Henry  Mountains. 

an 


360  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADVILLE. 

sist  chiefly  of  one  individual,  in  which  a  few  thin  wedges  are  inserted  at  one  end,  or 
on  one  side,  in  twinning  position.  These  are,  I  presume,  the  crystals  described  by 
Captain  Dutton  as  orthoclase  at  one  end  and  plagioclase  at  the  other.  A  zonal  struct- 
ure is  often  present,  which  is  at  times  interrupted  by  the  tAvinning.  Inclusions  in 
the  plagioclase  are  not  very  abundant.  There  are  sometimes  minute  dark  inclusions, 
regular  or  irregular  in  shape  and  arrangement,  which  seem  to  be  early  inclusions  of 
the  gronndmass  or  devitrified  matter.  Distinct  glass  and  fluid  inclusions  were  seldom 
found.  Hornblende  occasionally  penetrates  the  feldspar,  but  inclusions  of  other  min- 
erals are  rare. 

The  hornblende  itself  is  well  developed  crystallographically.  In  this  particular 
case  (04)  it  shows  an  unusual  tendency  to  an  alteration,  by  which  dark  ore  grains  are 
formed  on  and  adjoining  the  outer  surface  and  on  cleavage  and  other  fissure  planes. 
The  appearance  is,  however,  entirely  different  from  that  of  audesitic  hornblende.  In 
one  place  hornblende  is  apparently  forming  from  pale  pyroxene.  This  is,  however, 
an  isolated  case,  as  elsewhere  the  distinct  outlines  of  the  hornblende  crystals  prove 
I  hem  to  be  original  as  such.  The  hornblende  is  green  and  fibrous  rather  than  com- 
pact and  yellow. 

Titanite,  which  appears  in  most  of  these  rocks,  does  not  seem  to  be  present  here 
in  good  crystals.  Apatite  is  not  abundant,  but  occurs  in  short,  stout  prisms.  But  little 
magnetite  occurs  in  large  grains. 

The  groundmass  is  granular  throughout  and  has  the  same  composition  as  in  the 
Mosquito  Range  porphyrites;  that  is,  it  consists  chiefly  of  quartz  and  orthoclase. 

Of  the  other  Henry  Mountain  rocks,  Nos.  8,  9, 16, 18,  20, 23,  32, 35,  40,  44, 46,  47, 
and  50 — thirteen  in  all — seem  identical  in  all  essential  points  with  that  described 
above.  Other  accessory  minerals  appear  iu  some  of  these  sections.  Biotite  appears 
as  a  subordinate  constituent  in  No.  35,  corresponding  in  this  respect  to  our  porphyrites, 
and  being  the  sole  case  noticed. 

Isolated  grains  of  pink  garnet  occur  in  Nos.  23,  37,  and  47.  litanite  is  present 
in  nearly  all  and  ilmenite  in  some  of  them.  In  40  the  latter  seems  to  be  producing 
titanite  through  its  alteration.  In  46  and  23  (new  section)  I  find  allanite  correspond- 
ing exactly  in  appearance  to  that  of  the  Mosquito  rocks. 

It  can  hardly  be  asserted  that  plagioclase  predominates  in  all  of  the  rocks,  from 
the  evidence  of  these  sections  alone,  as  some  of  them  are  very  small ;  there  can  be  no 
doubt,  however,  that  all  belong  to  the  same  rock  type.  I  cannot  convince  myself  that 
orthoclase  exists  in  more  than  isolated  crystals  among  the  macroscopic  elements. 

Inclusions  in  feldspar  are  seldom  more  numerous  or  distinct  than  in  the  first  case 
described.  Occasionally,  however,  a  crystal  is  filled  with  minute  hornblende  micro- 
lites  and  clear  crystals  of  zircon,  with  other  ill-defined  matter. 

The  feldspars  are  usually  quite  fresh,  but  the  hornblende  is  sometimes  entirely 
decomposed.  The  common  result  is  a  mixture  of  chlorite,  filmy  calcite,  and  opaque 
particles.  Epidote  is  often  a  further  product.  Granular  calcite  is  visible  in  some 
cases  and  its  origin  doubtful.  The  minute  ore  grains  of  the  groundmass  are  often 
hydrated,  giving  a  dingy  tinge  to  the  rock, 

In  none  of  the  above  rocks  can  there  be  any  question  as  to  the  thoroughly  crys- 
talline nature  of  the  groundmass,  but  it  varies  in  relation  to  the  crystals  and  in  com- 
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position.  Plagioclase  in  thin  plates  may  be  seen  to  enter  into  its  constitution  and  the 
quantity  of  quartz  doubtless  varies.  It  even  seems  probable  th  at  in  extreme  cases  the 
groundmass  may  be  entirely  feldspathic. 

In  nine  other  rocks,  24,  31,  33,  56,  61,  62,  67,  68,  and  69,  the  groundmass  is  ex- 
tremely fine  grained  and  acts  but  feebly  on  polarized  light.  The  granular  structure  is 
preserved,  and  I  can  find  no  proof  of  the  glassy  or  strictly  microfelsitic  base.  The 
varying  relative  quantities  of  gronndmass  and  crystals  are  particularly  marked  in  these 
fine-grained  rocks  (see  31  and  33). 

AUGITIC  BOOKS. 

The  rocks  included  here  are  Nos.  28,  43,  and  one  of  those  numbered  31.  Hand 
specimens  of  31  and  43  were  among  those  sent. 

Macroscopical — Specimen  31  is  distinctly  porphyritic,  the  greater  part  is  dull 
ashen-gray  in  color,  and  in  this  portion  feldspar  and  groundmass  are  not  clearly  dis- 
tinguishable throughout.  There  are  a  few  fresh  pink  feldspars  in  tabular  crystals, 
presumably  orthoclase,  reaching  in  one  case  nearly  2cm  in  length.  Similar  feldspars 
were  not  noticed  in  any  of  the  hornblendic  rocks. 

The  dark  basic  mineral  is  very  black  and  occurs  in  short  stout  crystals,  mostly 
small,  which  lack  the  luster  of  hornblende.  A  careful  examination  with  the  lens 
shows  also  that  the  section  of  the  prism  is  octagonal,  with  alternate  sides  but  slightly 
developed.  This  mineral  is  not  so  abundant  as  the  hornblende  in  preceding  rocks. 
Glistening  ore  particles  and  yellow  titanite  are  distinct,  though  small. 

Microscopical — (Of  No.  31.)  It  is  rather  difficult  to  determine  the  nature  of  the 
dominant  feldspar  in  this  rock.  I  think  it  is  plagioclase,  but  cannot  say  that  I  can 
prove  it  from  the  microscopical  examination  alone.  In  the  first  place,  this  feldspar  does 
not  seem  to  polarize  light  so  strongly  as  is  common.  Captain  Button  probably  referred 
to  this  rock  when  he  said  that  certain  feldspars  "had  almost  ceased  to  polarize."  In 
the  second  place,  those  crystals  determinable  as  plagioclase  are  apparently  oligoclase 
of  medium  composition,  for  the  direction  of  total  extinction  in  the  sections  examined 
does  not  vary  far  from  the  line  of  the  twinning  plane.  It  is  therefore  often  difficult  to 
recognize  the  polysynthetic  structure.  By  the  aid  of  the  quartz  plate  many  are  found 
to  be  distinctly  triclinic,  but  still  so  many  remain  undeterminable  that  it  is  possible 
that  orthoclase  predominates  in  the  rock  as  a  whole.  The  feldspars  resemble  those  in 
granitic  rocks  in  their  dirty  appearance,  the  result  of  incipient  decomposition  pro- 
ceeding from  innumerable  cleavage  planes. 

Inclusions  of  augite  are  rare.  Glass  inclusions  were  not  noticed  and  fluid  ones  are 
indistinct  and  rare.  The  augite  is  unique  in  its  optical  behavior  in  that  it  appears  as 
bright  green  by  ordinary  light  and  has  a  pleochroism  as  strong  as  is  usually  found  in 
green  hornblende,  giving,  too,  almost  exactly  the  same  colors.  In  all  other  and  more 
important  respects  this  mineral  shows  the  characteristics  of  augite.  Contours  of 
prism,  cleavage,  and  maximal  angle  of  extinction  in  prismatic  zone  (nearly  45°)  all 
indicate  augite.  Titanite  and  magnetite  often  penetrate  the  augite. 

The  groundmass  seems  wholly  crystalline,  yet  is  unlike  that  common  in  the 
hornblendic  rocks.  It  seems  composed  of  feldspar  and  augite,  with  no  visible  quartz. 
The  feldspar  is  chiefly  present  in  tabular  particles,  and  not  in  irregular  grains.  The 
pale-green  microlites  and  grains,  which  are  quite  abundant,  seem  to  be  of  augite,  as 
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there  is  more  or  less  of  a  gradation  in  size  from  the  large  ones  to  these  in  the  ground- 
mass.  Very  minute  ore  particles  are  present. 

No.  43  is  of  quite  different  macroscopical  structure.  It  appears  almost  macrocrys- 
talline, the  grouudmass  occupying  simply  the  interstices  between  the  small  white 
tablets  of  feldspar,  while  the  augite  occurs  in  minute  grains  not  recognizable  by  the 
naked  eye. 

Microscopical — The  feldspars  have  a  duller  appearance  even  than  those  in  31,  and 
there  is  the  same  difficulty  in  determining  which  species  predominates.  The  augite  is 
the  same  in  character,  but  does  not  appear  in  the  groundmass  as  in  31. 

In  No.  28  (the  slide  alone  examined)  exists  still  another  form  of  structure.  The 
whole  mass  is  here  microcrystalliue  and  consists  chiefly  of  feldspar,  concerning  which 
the  same  doubts  exist  as  before.  The  augite  is  very  distinct.  The  grouudmass  is  made 
up  of  small  feldspars  and  nearly  every  one  is  determinable  as  feldspar.  Quartz  does 
not  appear;  the  same  accessory  minerals  are  here  as  in  others,  titauitc,  magnetite,  &c. 
Hornblende  is  exceedingly  rare,  if,  indeed,  it  occurs  at  all  in  these  three  rocks.  No. 
29,  however,  shows  both  minerals.  The  hand  specimen  shows  large,  distinct  horn- 
blendes, but  in  the  slide,  among  the  few  minute  irregular  grains  (no  large  ones  being 
present),  augite  appears  fully  as  abundantly  as  hornblende.  The  remainder  of  the 
rock  is  entirely  feldspathic,  both  orthoclase  and  plagioclase  being  recognizable. 

But  one  rock  remains,  No.  57.  This  is  the  sanidine-trachyte  of  Dutton.  Not  hav- 
ing the  hand  specimen  and  with  only  one  slide,  but  little  can  be  made  out  of  it.  It 
seems  like  a  tufa  or  fragiuental  rock  of  some  kind.  The  minerals  recognizable  (plagio- 
clase, orthoclase,  quartz,  and  hornblende)  are  chiefly  in  irregular  fragments  of  crystals 
and  the  gronndmass,  though  cryptocrystalliue  for  the  most  part,  has  some  isotropic 
substance. 

BESUMlL 

.  The  greater  part  by  far  of  the  Henry  Mountain  rocks  correspond  very  closely  in 
composition  and  structure  to  our  Mosquito  Eauge  porphyrites,  or  in  particular  to  those 
varieties  in  which  biotite  is  rare  or  is  wanting  and  in  which  the  hornblende  does  not 
appear  in  the  grouudmass  in  large  quantity.  Both  consist  of  plagioclase  and  horn- 
blende, with  a  granular  grouudmass,  composed  essentially  of  quartz  and  orthoclase. 
They  differ  — 

a,  in  outward  appearance. 

6,  in  almost  total  lack  of  biotite. 

c,  in  frequent  presence  of  titanite. 

d,  in  that  the  grain  of  the  groundmass  sinks  in  certain  cases  to  exceeding 

fineness. 

None  of  these  is  weighty  in  comparison  with  the  resemblances. 
The  outward  difference  seems  due  to  the  fact  that  the  specimens  were  taken  from 
the  surface  in  a  region  essentially  dry  and  arid. 
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CHAPTER  I. 

ORE  DEPOSITS. 

The  preceding  chapters  have  been  devoted  almost  exclusively  to  the 
consideration  of  the  geological  structure  of  the  district.  This  subject  has 
been  treated  at  considerable  length,  not  only  because  it  presents  many  facts 
which  seemed  of  sufficient  interest  to  geologists  in  general  to  justify  such 
treatment,  but  also  because  a  thorough  knowledge  of  the  geological  struct- 
ure of  a  region  is  an  essential  and  indispensable  basis  for  the  study  of  its 
ore  deposits ;  a  fact  which  is  too  often  lost  sight  of  by  those  practically 
engaged  in  mining.  For  a  time  the  miner  may  develop  his  mine  success- 
fully by  simply  following  the  ore  lead,  guided  by  the  empirical  rules  which 
experience  has  taught  him,  and  without  regard  to  the  geological  phenomena 
presented  by  the  country  rocks,  their  structural  conditions,  or  the  probable 
origin  and  manner  of  formation  of  the  deposits ;  but  the  time  is  sure  to 
come  when  without  this  knowledge  he  will  be  liable  to  make  mistakes 
which  may  cost  him  more  than  he  has  gained  by  all  his  previous  labors. 

Before  proceeding  to  a  detailed  description  of  the  various  ore  deposits 
of  the  region  studied  in  the  course  of  this  investigation,  it  may  aid  the 
reader  to  have  a  brief  resume  of  their  principal  characteristics  and  a  con- 
cise statement  of  the  conclusions  which  have  been  arrived  at  with  regard 
to  their  origin  and  manner  of  formation. 


CLASSIFICATION. 


To  a  scientific  description  of  natural  objects  the  most  valuable  aid 
is  a  rational  and  universally  accepted  system  of  classification.  The  first 
obstacle  one  encounters  in  attempting  the  description  of  ore  deposits  is 
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the  absence  of  such  a  classification.  The  object  of  a  system  of  classifica- 
tion is  not  only  to  afford  a  means  of  avoiding  long  and  repeated  circum- 
locutions in  descriptions,  but  also  to  furnish  a  comprehensive  view  of  the 
mutual  relations  of  the  classes  of  phenomena  to  which  it  is  applied.  Such 
systems  must  necessarily  change  from  time  to  time  as  the  scientific  studies 
of  the  phenomena  progress  and  knowledge  with  regard  to  them  becomes 
more  accurate  and  thorough.  The  unsatisfactory  state  of  existing  classifi- 
cations of  ore  deposits  is  due  in  large  degree  to  an  imperfect  knowledge  of 
the  subject  on  the  part  of  those  who  have  made  them,  but  in  part  also  to 
their  being  made  from  a  false  standpoint. 

As  the  study  of  geology  sprang  originally  from  the  empirical  observa- 
tions of  those  engaged  in  mining  for  the  useful  metals,  so  the  first  systems 
of  classification  of  ore  deposits  were  based  on  distinctions  and  character- 
istics established  by  the  miners  themselves  in  their  daily  work,  and,  as  in 
carrying  on  this  work  the  outward  form  of  the  deposit  was  the  most  essen- 
tial characteristic,  this  naturally  formed  the  basis  of  their  classifications. 
But  while  general  geology  has  made  relatively  more  rapid  progress  than  the 
study  of  ore  deposits,  which,  being  a  matter  of  practical  and  economic  im- 
portance, has  seemed  to  many  to  belong  to  a  lower  sphere  of  scientific  inves- 
tigation than  purely  theoretical  questions,  the  prevalent  classifications  still 
hold  largely  to  the  original  basis  of  the  practical  miner.  The  form  of  a 
deposit  might  well  constitute  the  basis  of  a  classification,  if  it  constituted 
an  essential  characteristic  thereof,  and  if  there  were  certain  regular  forms 
that  belonged  exclusively  to  particular  classes  of  deposits,  which  had  a 
necessary  connection  with  the  sum  of  their  other  characteristics.  This  is 
so  far  from  being  the  case,  however,  that  not  only  is  no  one  form  confined 
to  any  particular  class  of  deposit,  but  the  same  class  of  deposit,  that  is, 
one  which  has  undoubtedly  the  same  origin  and  manner  of  formation,  may 
have  a  great  variety  of  different  forms,  as  is  the  case  with  those  about  to 
be  described. 

That  the  scientific  study  of  ore  deposits  has  not  kept  pace  with  the 
advance  in  other  branches  of  geology  is  due  in  great  part  no  doubt  to  the 
inherent  difficulty  of  the  subject,  but  also  in  a  measure  to  a  want  of  scien- 
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tific  zeal  or  knowledge  on  the  part  of  those  who  are  practically  engaged  in 
mining.  The  phenomena  to  be  investigated  must  be  studied  in  the  under- 
ground workings  of  mines,  in  which  not  only  is  a  very  small  area  open  to 
observation  as  compared  with  the  surface  phenomena  on  which  other  geo- 
logical reasonings  are  mainly  based,  but  they  are  not  in  their  nature  as 
permanent  as  are  the  latter  and  soon  become  obscured  by  decay  or  entirely 
inaccessible.  But,  while  the  attainable  facts  are  thus  relatively  meager, 
they  have  not  all  been  made  available  to  the  student,  for  the  reason  that 
those  practically  engaged  in  mining  are  too  often  content  with  noting  those 
alone  which  have  an  immediate  practical  bearing,  and  have  neglected  to 
put  on  record  those  of  merely  theoretical  interest,  which,  nevertheless,  if 
carefully  observed,  might  afford  a  basis  for  scientific  generalizations  of  great 
economic  importance. 

We  can  only  hope  to  arrive  at  a  satisfactory  and  rational  classification, 
which  shall  be  founded  essentially  on  genetic  principles,  when  our  knowl- 
edge of  ore  deposits  shall  be  vastly  increased  by  the  accumulation  of  a 
great  number  of  scientific  observations,  based  on  correct  geological  studies, 
and  towards  this  accumulation  we  must  look  to  those  practically  conducting 
mines  for  a  most  essential  contribution,  since  they  alone  have  the  opportu- 
nity of  daily  observation  of  the  constantly  changing  phenomena  which  ore 
deposits  present.  Meanwhile  it  may  be  of  use  to  review  some  of  the  more 
prominent  systems  of  classification  proposed  by  modern  writers  upon  ore 
deposits,  and  to  consider  their  relative  applicability  to  the  important  class 
of  deposits  under  consideration. 

As  the  Germans  were  the  first  to  write  upon  mines  and  ore  deposits 
and  the  classifications  adopted  by  other  nations  have  been  to  a  greater  or  less 
degree  founded  upon  their  wt)rk,  the  first  place  will  be  given  to  a  mention 
of  those  most  current  in  Germany  at  the  present  day.  The  original  edition 
of  B.  von  Cotta's  treatise  upon  ore  deposits  appeared  in  1853,  and  has  not 
been  essentially  changed  in  the  later  edition  here  quoted.  The  next  classi- 
fication quoted  is  that  of  Dr.  Joh.  Grimm,  professor  of  the  School  of  Mines 
in  Pfibram,  Bohemia.  The  third  is  that  given  in  his  course  on  mining  at 
the  School  of  Mines  of  Berlin,  by  Professor  H.  Lottner,  and  published  by  his 
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successor,  Professor  A.  Serlo.     The  last,  that  of  Dr.  A.  von  Groddeck,  of  the 
School  of  Mines  at  Clausthal,  in  the  Hartz. 


Von  Cotta.1 

Grimm.2 

Serlo-Lottner.' 

Von  Groddeck.* 

I.  Deposit!  nf  regular  form. 

I.  Ditseminatiom  or  impreg- 

I. Inclosed  or  underground 

I.  Original  or  primary  lie- 

1.  Beds. 

nations  (deposits  form- 

deposits. 

posits. 

a.  Beds  of  ore,  coal,  etc. 

ing  an  essent  ial  const  it  • 

1.  Sheet  (regular-shaped)  de- 

A. Contemporaneous  with 

6.  Placer  deposits. 

nent    of    the   country 

posits. 

country  rock. 

2.  Veins. 

rock). 

a.  Veins. 

1.  Deposits  in   stratified 

a.  Transverse  or  ordinary 

1.  Original  impregnation!. 

6.  Beds. 

rocks. 

veins. 

2.  Secondary  impregnations. 

2.  Mass    (irregular-shaped) 

2.  Deposits   in   eruptive 

b.  Bedded  veins. 

II.  Dittinct  ore  depolitt 

deposits. 

rocks. 

c.  Contact  veins. 

(forming  an  accessory 

a.  Stocks. 

B.  Later  than  country  rock. 

d.  Lenticular  veins. 

constituent  of  the  coun- 

b. Stock  works. 

3.  Deposits  filling  pre-exist- 

II.  Drpoiitl  of  irregular 

try  rock). 

3.  Other  irregularly-shaped             ing  Oavitie9;  " 

form-                                1.  S:.eet    (regular-shaped) 

deposit!  (pockets,  kid-        „  Vejn8  or  ^^ 

1.  Stockt   (sharply   defined             maun. 

n«js.  *'••>•                            6.  Cave  fillings. 

bodies.)                                 a.  Bedded    (sedimentary) 

II.  Superficial  deposits.            4    Metamorphic  (or  metaso- 

a.  Stock  works. 
6.  Contnct  stocks. 
c.  Cave  fillings, 
d.  ande.  Pockets,  kidney- 

deposits. 
b.  Veins;  crevice  deposits: 
stringers  (filling  open 
fissures). 

4.  Deposits  of  debris  (plac- 
ers). 

5.  Surface  deposits  in  place 

matic)  deposits. 
II.  Secondarn  or  detrital  de- 
posits. 

shaped  deposits  (Bntz- 

c.  Sheet-shaped  segrega- 

(bog-ore, &c.). 

en,  Kachelen,  Taschen, 

tions. 

Neuter,    Dinner,    Nie- 

2.  Stock!    and    irregularly 

ren).* 

shaped  deposit!. 

2.  Impregnation!   (bodies 

a.  Bedded  (sedimentary) 

1  Die  Lehre  von  deu  ErzlaEerstStten.    Freiberg,  1859. 

not  sharply  defined). 

deposits. 

*Die  Lagerstatteu  der  nutzbaren  Mineralien.    Prag, 

«.  Independent  impregna- 

ft. Stocks  (Butzcn.Nestet, 

1869. 

tions. 

etc.),  filling  pre-exist- 

•Bergbaukumle.   Berlin,  1878. 

b.  Dependent  impregna- 

ing cavities. 

•  Die  Lehre  von  den  Lagerst&tten  der  Erze.    Leipzig, 

tions  (connected  with 

c.  Stock  works  (reticnlat- 

1879. 

other  deposits). 

ed  veins). 

•Untranslatable  miner's 

terms. 

- 

Von  Cotta's-  classification  is  founded  exclusively  on  the  form  of  the 
deposit  and  recognizes  no  genetic  principle  as  a  basis  of  classification.  Thus, 
such  essentially  opposed  deposits  as  coal  beds  and  placer  deposits,  on  the 
one  hand,  and  mineral  veins  and  contact  deposits,  on  the  other,  are  put 
\inder  one  general  heading ;  while  cave-fillings,  pockets,  etc.,  which  may  be 
merely  offshoots  from  a  vein  or  contact  deposit,  come  under  a  distinct  main 
head. 

Grimm's  classification  is  also  mainly  founded  on  the  outward  form  of 
the  deposit,  but  he  admits  a  few  minor  genetical  distinctions,  such  as  sep- 
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arating  bedded  deposits  of  sedimentary  origin  from  those  which  were  formed 
later  than  the  inclosing  rocks.  Lottner  also  bases  his  classification  on  out- 
ward form  alone,  but  distinguishes  secondary  from  original  deposits.  Von 
Groddeck  lays  much  more  stress  on  genetic  distinctions,  and  not  only 
brings  in  each  of  those  recognized  by  the  two  previously  named,  but  admits 
the  existence  of  ore  deposits  of  later  formation  than  the  country  rock  which 
do  not  necessarily  fill  pre-existing  cavities  or  fissures. 

F.  Posepny,1  professor  at  Pfibram,  who  has  made  an  extensive  study 
of  ore  deposits,  including  many  of  those  of  the  United  States,  proposes  an 
even  more  radically  genetic  subdivision  of  metalliferous  deposits  into  (1) 
deposits  in  pre-existing  cavities  and  (2)  those  formed  by  gradual  replace- 
ment of  the  rock  substances  by  the  vein  material  or  mineral,  the  first  class 
being  further  subdivided  into  those  filling  cavities  formed  in  a  mechanical 
way,  or  dislocation  spaces,  and  those  formed  by  corrosive  action  in  soluble 
rock,  or  corrosive  spaces,  which  would  correspond  in  general,  though  not 
necessarily  in  all  cases,  to  the  distinctions  of  Grimm  and  Groddeck  of  the 
fissure-fillings  and  cave-fillings. 

In  order  that  a  classification  should  find  general  acceptation  among 
mining  men,  it  is  essential,  moreover,  that  it  should  be  simple,  concise,  and 
of  easy  comprehension,  qualifications  which  the  first  two  of  the  above 
systems  certainly  do  not  possess.  Thus,  in  this  country,  where  mining 
geology  has  found  its  principal  discussion  in  courts  of  law,  in  which  Prime's 
translation  of  von  Cotta  has  been  generally  accepted  as  authority,  ore 
deposits  of  primary  origin  (leaving  placers  out  of  consideration)  are  practi- 
cally divided  into  true  fissure  veins  and  deposits  which  'are  not  true  fissure 
veins,  the  latter  class  being  somewhat  loosely  subdivided  into  contact 
deposits,  blanket  deposits,  and  rake,  pipe,  and  gash  veins. 

The  term  "blanket  deposit"  is  probably  derived  from  the  mania  of  the 
Spanish  miners,  a  term  which  in  Mexico  and  South  America  designates  the 
richest  and  most  productive  ore  bodies,  but  in  the  United  States  is  apt  to 
be  applied  in  rather  a  derogatory  sense  to  any  horizontal  sheet  of  ore.  The 
last  terms  are  derived  from  local  usage  in  the  lead  regions  of  the  north  of 

1  Archiv  fur  praktische  Geologic,  p.  600.    Wien,  1880. 


372  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADVILLE. 

England,  and  their  general  application  is  of  very  doubtful  advisability, 
since  authorities  differ  as  to  their  exact  definition.  The  term  "  gash  vein  " 
is  the  only  one  recognized  in  the  classifications  given  below,  and  is  there 
applied  to  a  fissure  which  is  confined  to  a  particular  rock  or  bed  and  which 
does  not  extend  into  the  adjoining  rocks. 

The  English  literature  of  ore  deposits  is  even  more  meager  than  the 
German.  Of  general  treatises  on  this  subject,  the  more  prominent  in  this 
country  are  J.  D.  Whitney's  Metallic  Wealth  of  the  United  States,  pub- 
lished in  1854;  an  article  by  R.  W.  Raymond,  in  his  Mining  Statistics  for 
1869;  and  an  admirable  but  little  known  paper  on  ore  deposits,  in  John- 
son's Cyclopaedia,  by  R.  Pumpelly.  J.  S.  Newberry  has  also  published  an 
article  on  the  origin  and  classification  of  ore  deposits  in  the  School  of  Mines 
Quarterly  for  March,  1880.  In  England,  J.  Arthur  Phillips  published  in 
1884  an  extended  treatise  on  ore  deposits.  Of  the  classifications  proposed 
by  .the  above  authors,  those  of  Newberry  and  Phillips  are  nearly  identical 
with  that  of  Whitney  and  Raymond's  is  avowedly  an  adaptation  of  Lottner, 
the  differences  in  either  case  being  unessential  for  the  purposes  of  the  pres- 
ent discussion.  Those  of  Whitney  and  Pumpelly  alone  are  therefore  given 
here,  and  to  them  is  added  that  given  by  A.  Geikie  in  his  Text  Book  on 
Geology  (London,  1882),  mainly  because  of  the  different  standpoint  from 
which  it  is  made.1 

'Prof.  Joseph  Le  Conte  has  also  published  an  article  on  the  Genesis  of  Ore  Deposits,  in  the  Amer- 
ican Journal  of  Science  fer  July,  1883,  in  which  a  subdivision  into  (1)  fissure  veins,  (2)  incipient  fissures, 
(3)  brecciated  veins,  (4)  substitution  veins,  (5)  contact  veius,  (6)  irregular  ore  deposits,  is  given. 
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J.  D.  Whitney. 

K.  Pnmpelly. 

A.  Geikie. 

I.  Superficial. 

I.  Surface  deposits. 

I.  Contemporaneous  ores  of 

n. 

Stratified. 

1.  Residuary  deposits. 

stratified  rocks. 

a.  Constituting  tbe  mass 

2.  Stream  deposits. 

n.  Contemporaneous  ores  of 

of  a  bed  or  stratified 

3.  Lake  and  bog  deposits. 

crystalline  rocks. 

deposit. 

III.  Subsequentlyiatroduced 

&.  Disseminated  through 

II.  Forms  due  to  the  texture 

ores. 

c 

sedimentary  beds. 
Originally  deposited 
from  aqueous  solution, 
but  since  metamor- 

of the  inclosing  rock  or 
to  its  mineral  constitu- 
tion, or  to  both. 

1.  Disseminated   concentra- 

1. Mineral  veius  or  lodes. 

2.  Stocks  and  stock  works 
(including  gasb  veina). 

phosed. 

tions. 

III.  Tfnstratified. 

a.  Impregnations. 

i.  Fahlbands. 

a.  Masses   of  eruptive 

origin. 

2.  Aggregatedconcentrations. 

i 

&.  Disseminated  in  erup- 
tive rocks. 

a.  Lenticular  aggregations. 
b.  Irregular  masses  (stocks) 

1 

c.  Stock  work  deposits. 

e.  Reticulated  veins  (stock 

M 

d.  Contact  deposits. 

works). 

«.  Fahlbands. 

d.  Contact  deposits. 

i 

!f.  Segregated  veins. 

III.  Forms  due  chiefly  to  pre- 

I 

g.  Gash  veins. 

existing  cavities  or  open 

1 

h.  True  or  fissure  veins. 

fisrurei. 

1.  Cave  deposits. 

2.  Gash  veins. 

3.  Fissnre  veins. 

All  of  the  above  are  an  advance  upon  von  Gotta  in  that  form  is  not  in  all 
cases  the  exclusive  basis  of  classification.  Whitney's  first  two  subdivisions 
are  distinctly  genetic,  but  the  third,  which  embraces  the  majority  of  metal- 
liferous deposits,  is  an  unsystematic  grouping  of  a  variety  of  forms  having 
only  one'  common  quality,  that  of  not  being  stratified.  Whitney  recog- 
nizes a  genetic  quality  in  his  division  «,  that  of  being  of  eruptive  origin,  but 
few  geologists  of  the  present  day  agree  with  his  wide  application  of  this 
quality — for  instance,  to  the  great  deposits  of  magnetic  iron  of  Missouri  and 
Lake  Superior.  In  his  "  segregated  veins  "  he  recognizes  the  possibility 
of  an  unstratified  deposit  which  is  not  the  filling  of  a  pre-existing  cavity, 
while  no  such  recognition  is  found  in  Geikie's  classification.  Geikie's  term 
"subsequently  introduced  ores,"  on  the  other  hand,  is  to  be  preferred  to 
"  unstratified  deposits,"  as  being  based  on  a  more  essential  characteristic 
of  the  deposit.  This  would  involve,  however,  a  definite  statement  as  to 
the  age  of  Whitney's  Classes  III,  a  and  6,  which  his  general  term  avoids. 
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Pumpelly's  classification  ignores  the  division  of  stratified  or  contem- 
poraneous ore  deposits,  and  in  his  text  he  states  his  belief  that  the  greater 
number  of  ore  deposits  have  been  formed  later  than  the  inclosing  rock ; 
he  also  says  that  all  metalliferous  aggregations  are  the  result  of  a  proces.8 
or  series  of  processes  of  concentration. 

Posepny  states  his  opinion  on  contemporaneous  deposits  even  more 
strongly  in  the  following  words : l 

In  the  course  of  my  nearly  twenty-years  studies  of  ore  deposits  I  have  yet  met 
with  no  deposits  (carrying  sulphides)  which  answer  to  Werner's  definition  —  that  is, 
whose  ores  are  contemporaneous  with  the  country  rock  and  which  form  a  regular 
interstratifled  bed  between  other  rock  strata. 

Like  Posepny",  Pumpelly  recognizes  the  importance  of  deposits  which 
do  not  fill  pre-existing  cavities,  devoting  to  these  his  subdivisions  I  and  II. 
These  he  says  fall  under  two  heads,  as  regards  the  manner  in  which  the 
space  occupied  by  them  was  obtained  :  (1)  by  mechanical  displacement  of 
the  inclosing  material ;  (2)  by  a  chemical  replacement  similar  to  that  to 
which  pseudomorphs  owe  their  origin.  His  use  of  the  form  as  a  basis  of 
subdivision  for  deposits  tilling  pre-existing  cavities  seems  more  legitimate 
than  in  the  case  of  those  which  his  title  seems  to  imply  are  merely  concen- 
trations of  metallic  minerals  already  existing  in  the  rock,  and  the  use  of 
the  word  "concentration,"  as  applied  exclusively  to  the  latter  classes,  seems 
unfortunate,  as  implying  that  the  others  are  not  concentrations  also. 

Geikie's  classification  has  the  merit  of  conciseness  and  his  principal 
divisions  are  based  on  genetic  principles,  but  his  subdivisions,  like  those  of 
von  Cotta,  recognize  only  differences  of  outward  form. 

In  view  of  the  difficulty,  or  even,  in  many  cases,  the  apparent  impossi- 
bility, of  determining  definitely  the  genesis  of  a  given  deposit,  it  may  well 
be  questioned  how  far  it  is  advisable  to  adopt  genetic  relations  as  the  basis 
of  a  classification,  since  it  will  frequently  happen  that  an  observer  will  be 
at  a  loss  to  determine  under  which  subdivision  the  deposit  he  is  studying 
should  be  placed.  It  seems  to  the  writer,  however,  that  in  such  a  case, 
although  his  determination  may  not  be  final  and  may  give  rise  to  discussion 
and  difference  of  opinion  on  the  part  of  other  observers  in  the  same  field, 

'Op.  cit.,  p.  423. 
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he  will  be  led  by  this  very  fact  to  make  a  more  thorough  and  searching 
examination  than  if  he  were  only  required  to  define  the  deposit  in  question 
according  to  its  outward  form. 

As  regards  the  applicability  of  the  foregoing  classifications  to  the  Lead- 
ville  deposits,  it  will  be  seen  from  a  perusal  of  the  following  pages  that  no 
one  of  the  subdivisions  proposed  would  adequately  define  them ;  either 
they  would  apply  only  to  a  limited  portion  of  the  deposits  or  else  they 
would  include  them  under  the  same  head  with  deposits  of  an  essentially 
different  character. 

Of  von  Cotta's,  Lottner's,  and  Whitney's  subdivisions,  several  would  be 
applicable;  thus,  a  large  part  of  the  deposits  are  contact  deposits;  other 
parts,  however,  not  being  at  the  contact  of  two  different  rocks,  would  be 
stocks  when  large  and  pockets,  chambers,  etc.,  when  small.  The  same  remark 
would  apply  to  Pumpelly's  subdivision  of  his  Class  II,  2.  On  the  other 
hand  his  definition  of  gash  veins,  as  filling  open  fissures,  would  not  apply 
to  those  of  this  region.  The  deposits  would  come  under  only  a  single  head 
of  Grimm's,  Geikie's,  and  von  Groddeck's  classifications.  By  the  two  for- 
mer the^y  would  be  classed  under  the  general  head  of  stocks,  which  really 
defines  nothing  except  that  they  are  of  irregular  shape  and  large.  Finally, 
von  Groddeck's  term  "metamorphic,"  or  "metasomatic,"  applies  to  all  the 
Leadville  deposits  and  defines  one  most  essential  characteristic ;  without 
some  modification,  however,  it  would  apply  equally  well  to  a  large  por- 
tion of  the  Rocky  Mountain  deposits  in  Archean  rocks,  which  have  been  pre- 
viously considered  to  be  "  true  fissure  veins." 

LEADVILLE    DEPOSITS. 

Manner  of  occurrence. — By  far  the  most  important  of  the  ores  of  Leadville 
and  vicinity,  both  in  quantity  and  in  quality,  occur  in  the  blue-gray  dolo- 
mitic  limestone  of  the  Lower  Carboniferous  formation,  hence  known  as  the 
Blue  or  ore-bearing  Limestone,  and  at  or  near  its  contact  with  the  over- 
lying sheet  of  porphyry,  which  is  generally  the  White  or  Leadville  Por- 
phyry. They  thus  constitute  a  sort  of  contact  sheet,  whose  upper  surface, 
being  formed  by  the  base  of  the  porphyry  sheet,  is  comparatively  regular 
and  well  defined,  while  the  lower  surface  is  ill-defined  and  irregular,  there 
being  a  gradual  transition  from  ore  into  unaltered  limestone,  the  former 
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extending  to  varying  depths  from  the  surface,  and  even  occupying  at  times 
the  entire  thickness  of  the  Blue  Limestone  formation.  This  may  be  re- 
garded as  the  typical  form  of  the  Leadville  deposits;  there  are,  however, 
variations  from  it,  and  also  in  the  character  of  the  inclosing  rock,  which  do 
not  necessarily  involve  any  difference  in  origin  or  mode  of  formation.  As 
variations  in  form,  the  ore  sometimes  occurs  in  irregularly-shaped  bodies, 
or  in  transverse  sheets  not  always  directly  connected  with  the  upper  or 
contact  surface  of  the  ore-bearing  bed  or  rock;  it  also  occurs  at  or  near  the 
contact  of  sheets  of  Gray  or  other  porphyries  with  the  Blue  Limestone,  and 
less  frequently  in  sedimentary  beds,  both  calcareous  and  silicious,  and  in 
porphyry  bodies,  sometimes  on  or  near  contact  surfaces,  sometimes  along 
joint  or  fault  planes. 

Composition. — The  prevailing  and  by  far  the  most  important  ore,  from 
an  economical  point  of  view,  is  argentiferous  galena,  with  its  secondary 
products,  cerussite  or  carbonate  of  lead  and  cerargyrite  or  chloride  of  silver. 

Lead  is  also  found  as  anglesite  or  sulphate,  as  pyromorphite  or  chloro- 
phosphate,  and  occasionally  as  oxide  in  the  form  of  litharge  or  more  rarely 
of  rninium. 

Silver  frequently  occurs  as  chloro-bromide,  less  frequently  as  chloro- 
iodide,  and  very  rarely  in  the  native  state.  Chemical  investigation  has 
failed  to  detect  sufficient  regularity  in  the  proportions  of  chlorine,  bromine, 
and  iodine,  combined  with  the  silver,  to  justify  the  determination  of  distinct 
mineral  species. 

A  frequent  alteration  product  of  mixed  pyrite  and  galena,  which  occurs 
in  considerable  quantity,  associated  with  the  ore  bodies,  is  generally  called 
"basic  ferric  sulphate."  It  is  an  ocherous-looking  substance  of  somewhat 
uniform  outward  appearance,  but  of  varying  composition,  being  mainly  a 
mixture  of  jarosite,  or  yellow  vitriol,  and  hydrated  basic  ferric  sulphate, 
with  more  or  less  anglesite  and  pyromorphite. 

Gold  occurs  in  the  native  state,  generally  in  extremely  small  flakes  or 
leaflets.  It  is  also  said  to  have  been  found  in  the  filiform  state  in  galena. 

As  accessory  minerals  are: 

Zinc  blende  and  silicate  of  zinc  or  calamine. 

Arsenic,  probably  as  sulphide,  and  as  arseniate  of  iron. 
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Antimony,  probably  as  sulphide. 

Molybdenum,  in  the  form  of  molybdate  of  lead  or  wulfenite. 

Copper,  as  carbonate  or  silicate. 

Bismuth,  as  sulphide  and  its  secondary  product,  a  sulpho-carbonate. 

Vanadium,  as  dechenite  or  the  vanadate  of  lead  and  zinc. 

Tin,  indium,  and  cadmium  have  been  detected  in  furnace  products. 

Iron  occurs  as  an  ore,  though  in  the  Leadville  deposits  in  general  it  con- 
stitutes an  essential  part  of  the  gangue  or  matrix  in  which  the  valuable  ore 
is  found.  In  the  former  case  it  occurs  in  considerable  bodies  as  pyrite  or 
sulphide  and  as  anhydrous  oxide  or  red  hematite,  with  a  little  magnetite. 

Gangue. — The  other  components  of  the  ore  deposits,  which  may  be  con- 
sidered as  gangue,  although  this  term  is  perhaps  more  strictly  applicable  to 
non-metallic  minerals,  are: 

Silica,  either  as  chert  or  as  a  granular  cavernous  quartz,  and  chemic- 
ally or  mechanically  combined  with  hydrous  oxides  of  iron  and  manganese. 

A  great  variety  of  clays  or  hydrous  silicates  of  alumina,  generally 
very  impure  and  charged  with  oxide  of  iron  and  manganese,  the~extreme 
of  purity  being  white  normal  kaolin,  containing  at  times  sulphuric  acid  in 
appreciable  amount. 

Sulphate  of  baryta  or  heavy  spar. 

Carbonate  of  iron,  pyrite,  and  sulphate  of  lime  are  comparatively  rare 
in  the  deposits  of  Leadville  itself. 

The  miner's  term,  Chinese  talc,  has  been  retained  for  a  substance 
which  is  found  with  singular  persistence  along  the  main  ore  channel,  or  at 
the  dividing  plane  between  White  Porphyry  and  underlying  limestone  or 
vein  material,  and  also  at  times  within  the  body  of  the  deposit.  It  is  com- 
posed of  silicate  and  a  varying  amount  of  sulphate  of  alumina,  to  which 
no  definite  composition  can  be  assigned.  It  is  compact,  semi-translucent, 
generally  white,  and  so  soft  as  to  be  easily  cut  by  the  finger-nail.  It  is 
very  hygroscopic;  hardens  and  becomes  opaque  on  exposure  to  the  air. 

Distribution. — With  regard  to  the  distribxttion  of  the  above  ores  the  prin- 
cipal generalizations  to  be  made  are: 

I.  That  the  main  mass  of  argentiferous  lead  ores  is  found  incalcareo-magnesianbeds. 
II.  That  ores  containing  gold  and  copper  are  more  frequently  found  in  silicious  beds, 
in  porphyries,  or  in  crystalline  rocks. 
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These  associations  have  already  been  remarked  in  other  mining  dis- 
tricts. 

Secondary  alteration. — Here,  as  elsewhere,  the  ores  found  near  the  surface 
are  mostly  oxidized  or  chloridized  ores,  and  those  farther  removed  from  it, 
or  comparatively  unexposed  to  the  direct  action  of  surface  waters,  are 
mostly  sulphides.  It  may  be  observed,  moreover,  that  the  zone  of  sec- 
ondary deposition,  or  that  in  which  oxidized  ores  predominate  over  sul- 
phides, varies  in  the  depth  to  which  it  extends  with  the  relative  altitude  of 
the  deposit;  or  that  in  higher  altitudes,  where  surface  waters  are  imprisoned 
by  frost  during  a  larger  portion  of  the  year,  the  proportion  of  secondary 
products  is  less. 

There  is  a  contrast  in  this  respect,  however,  between  the  deposits  of 
Leadville  and  those  of  the  more  arid  regions  of  the  Great  Basin.  In  the 
latter  the  surface  zone,  or  zone  of  oxidation,  is  generally  more  sharply 
defined  and  extends  down  to  what  is  known  as  the  water  level.  This  con- 
trast is  more  apparent  than  real,  for  the  zone  of  oxidation  is  there  dry,  be- 
cause of  the  limited  atmospheric  precipitation,  and  in  Leadville  generally 
wet,  partly  because  of  the  relatively  great  precipitation  and  partly  because 
of  the  peculiar  geological  position  of  the  deposits,  which  renders  them  more 
accessible  to  surface  waters.  The  alteration  of  the  ore  deposits  is  produced, 
not  by  the  water  alone,  but  by  the  atmospheric  agents  which  it  brings  from 
the  surface  with  it;  whereas  in  the  case  of  deposits  below  the  water  level 
the  water  which  reaches  them,  not  coming  directly  from  the  surface,  but 
through  a  relatively  long  underground  passage,  has  during  that  passage 
been  deprived  of  these  active  agents  of  oxidation  or  neutralized. 

Mode  of  formation. — From  the  present  investigation  it  has  been  assumed, 
with  regard  to  the  mode  of  formation  of  these  deposits: 

I.  That  they  were  deposited  from  aqueous  solutions. 

II.  That  they  were  originally  deposited  mainly  in  the  form  of  sulphides. 
III.  That  the  process  of  deposition  teas  a  metasomatic  interchange  with  the  material 
of  the  rock  in  ichich  they  icere  deposited.  That  is,  that  the  material  of  which  they  were 
composed  was  not  a  deposit  in  a  pre-existing  cavity  iu  the  rock,  but  that  the  solu- 
tions which  carried  them  gradually  dissolved  out  the  original  rock  material  and  left 
the  ore  or  vein  material  in  its  place. 

IV.  That  the  mineral  solutions  or  ore  currents  concentrated  along  natural  icater 
channels  and  followed  by  preference  the  bedding  planes  at  a  certain  neohf/ical  horizon,  but 
that  the;/  also  penetrated  the  adjoining  rocks  through  croxx  joint*  and  clcaragu  planex. 
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Age  of  deposits. — As  regards  the  time  of  deposition  of  the  original  ore 
deposits,  it  is  proved: 

That  they  were  deposited  not  Inter  than  the  Cretaceous  period. 

That  they  are  later  than  the  inclosing  rock  is  proved  by  their  mode 
of  occurrence;  and  since  they  have  partaken  of  the  dynamic  movements  to 
which  these  rocks  were  subjected,  and  were  folded  and  faulted  with  them, 
they  must  have  been  formed  earlier  than  these  dynamic  movements,  which, 
as  the  geological  considerations  already  presented  show,  occurred  not  later 
than  the  close  of  the  Cretaceous  period. 

Origin  of  the  metallic  contents. — With  regard  to  the  immediate  source  from 
which  the  minerals  forming  these  deposits  were  derived,  the  following  con- 
clusions have  been  arrived  at: 

I.  That  they  came  from  above. 
II.  That  they  were  derived  mainly  from  the  neighboring  eruptive  rocks. 

By  these  statements  it  is  not  intended  to  deny  the  possibility  that  the 
material  may  originally  have  come  from  great  depths,  nor  to  maintain  that 
they  were  necessarily  derived  entirely  from  eruptive  rocks  at  present  im- 
mediately in  contact  with  the  deposits. 

The  facts  and  reasons  on  which  these  conclusions  are  based  will  be 
given  in  the  following  chapters. 


CHAPTER  II. 

IRON  HILL  GROUP. 

IRON   HILL. 

General  description. — Of  the  three  pi'incipal  groups  of  mines,  that  of  Iron 
Hill  presents  the  simplest  type,  both  in  geological  structure  and  in  the 
character  of  its  ore  deposits.  It  is  that  of  a  block  of  easterly-dipping  beds, 
with  a  fault  on  its  western  side,  by  whose  displacement  these  beds  have 
been  lifted  in  places  about  one  thousand  feet  above  their  western  continu- 
ation, and  in  which  the  ore  deposition  has  taken  place  at  the  upper  surface 
of  the  limestone  bed,  along  its  contact  with  the  overlying  porphyry,  and 
extending  down  at  times  into  the  mass  of  the  limestone.  This  simple  type 
obtains  only  on  the  south  end  of  Iron  Hill,  and  even  then  in  a  somewhat 
modified  form,  the  north  presenting,  as  will  be  seen  later,  the  extreme  of 
complication. 

The  area  represented  on  the  Iron  Hill  and  North  Iron  Hill  maps  forms 
topographically  one  continuous  ridge.  The  map  has  been  printed  on  two 
sheets,  partly  because  of  its  otherwi.se  cumbersome  size  and  partly  because 
the  geological  character  of  the  opposite  ends  of  the  hill  is  very  different. 

The  Iron  Hill  map  includes  all  of  Iron  Hill  except  its  northern  por- 
tion, together  with  a  part  of  Dome  or  Rock  Hill,  the  spur  which  lies  be- 
tween California  and  Iowa  gulches.  It  thus  takes  in  all  the  mines  belonging 
to  the  Iron  Silver  Mining  Company,  to  the  La  Plata  Mining  and  Smelting 
Company,  and  to  the  Silver  Cord  Combination,  which  represent  the  prin- 
cipal developments  outside  the  Adelaide-Argentine  group  in  this  portion 
of  the  Leadville  region. 

Iron  Hill  and  its  companion,  Carbonate  Hill,  are  flat-topped  bosses  or 
shoulders,  on  the  main  spur  of  the  Mosquito  Range  between  California  and 
Evans  gulches,  whose  form  was  evidently  due  originally  to  the  displace- 
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ment  of  Iron  and  Carbonate  faults,  though  much  modified  by  later  erosion. 
The  region,  however,  as  distinguished  from  the  other  portions  of  Leadville, 
has  been  scarcely  affected  by  glacial  action,  California  gulch,  in  which 
erosion  has  been  deepest,  being,  as  has  already  been  shown,  essentially  a 
valley  of  erosion.  The  slopes  of  the  hills  are  steep,  but  extremely  regular, 
and  covered  with  an  accumulation  of  "Slide,"  whose  average  depth  may  be 
considered  to  be  from  six  to  ten  feet.  This  slide  is  distinguished  from 
Wash  by  being  not  rounded,  but  angular  and  resulting  from  the  disinte- 
gration of  rock  in  place.  It  consists  mainly  of  the  debris  of  White  Por- 
phyry, which  forms  the  top  rock  of  either  hill.  The  porphyry  weathers 
into  thin  sherd-like  fragments,  which  from  their  relative  lightness  are  easily 
carried  down  by  rain  or  snow,  and  therefore  cover  the  greater  part  of  the 
slopes  of  the  hills,  even  where  other  rocks  actually  crop  out.  It  is  only 
along  the  steep  slopes  of  the  V-shaped  valley  of  California  gulch  that  actual 
outcrops  of  rock  in  place  are  found  on  either  hill. 

Geological  structure. — The  average  strike  of  the  formations  on  Iron  Hill  is 
a  little  west  of  north,  and  the  beds  dip  east  at  an  angle  of  about  12°  to 
25°,  shallowing,  however,  to  the  eastward,  and  probably  basining  up  toward 
the  Mike  fault.  The  south  face  of  the  hill  has,  by  the  erosion  of  the  deep 
V-shaped  valley  of  California  gulch,  been  left  so  steep  that  its  surface  is  but 
thinly  covered  by  detrital  material,  and  east  of  the  Iron  fault,  whose  line  is 
marked  by  a  slight  depression  down  the  slope,  the  outcrops  of  the  succeeding 
sedimentary  beds  can  be  readily  traced,  in  the  numerous  prospect  holes,  from 
the  Lower  Quartzite,  immediately  overlying  the  Archean,  up  to  the  main 
body  of  White  Porphyry,  which  forms  the  summit  of  the  hill. 

The  geological  section  represented  on  this  slope  is,  then,  in  descending 
order : 

1.  Wbite  Porphyry  capping,  iii  which   are  included  detached  portions  of  the 
Weber  Shales,  represented  in  the  lines  shaft  by  black  shales  and,  along  the  outcrops 
on  the  Liuie  and  Bull's  Eye  claims,  by  a  greenish  slate  containing  plentiful  easts  of 
lAngula  mytitoides. 

Feet. 

2.  Blue  Limestone 200 

3.  Parting  Quartzite  (outcrop  obscure) 20 

4.  White  or  Silurian  Limestone 140 

5.  Lower  or  Cambrian  Quartzite 160 

6.  Archean  gneiss  (not  exposed.) . , 
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Later  intrusive  sheets. — Besides  this  normal  series  of  beds,  are  two  intrusive 
sheets  of  porphyry  of  later  eruption  than  the  White,  and  allied  to,  though 
not  absolutely  identical  with,  the  Gray  Porphyry.  One  of  these  is  found 
at  the  top  of  the  Blue  Limestone,  the  other  near  its  base.  Their  probable 
extent  can  be  best  seen  by  reference  to  the  map  and  sections  (Atlas  Sheets 
XXIII,  XXIV,  XXV).  The  thicknesses  there  given  are  assumed  from  the 
position  of  outcrops,  where  they  could  be  determined,  and  from  other  in- 
direct evidence,  and  may  differ  considerably  from  the  actual  facts,  as  these 
porphyry  sheets,  especially  the  later  ones,  vary  much  in  thickness  in  rela- 
tively short  distances. 

upper  sheet. — The  rock  of  the  former  of  these  bodies  is  of  a  dark-gray 
color  and  consists  of  plates  of  altered  mica  and  relatively  large,  opaque, 
white  feldspars  in  a  greenish-gray  matrix.  So  far  as  seen  it  is  in  a  too 
advanced  state  of  decomposition  to  allow  of  a  satisfactory  determination  of 
its  original  constituents.  Externally,  however,  it  resembles  more  closely 
the  country  rock  of  the  Printer  Boy  mine  than  any  other  porphyry  col- 
lected. 

This  sheet,  while  in  general  separating  the  White  Porphyry  from  the 
Blue  Limestone,  does  not  always  keep  exactly  the  same  horizon.  In  the 
bed  of  California  Gulch,  where  the  outcrops  cross  and  where  this  porphyry 
seems  to  be  thickest,  it  cuts  into  the  Blue  Limestone,  leaving  a  portion  of 
the  latter  above  it,  near  the  mouth  of  the  La  Plata  tunnel.  Farther  west, 
on  the  hill  slopes,  it  cuts  up  into  the  White  Porphyry  for  a  short  distance, 
leaving  a  sheet  of  that  rock  between  it  and  the  Blue  Limestone,  and  then 
again  returns  to  the  contact  on  the  Lime  claim,  on  Iron  Hill,  and  west  of  the 
Dome  fault,  on  Dome  Hill.  There  is  direct  evidence  that  the  sheet  thins  or 
wedges  out  from  this  crossing  of  California  Gulch  to  the  south,  west,  and 
northj  but  on  the  east  no  workings  have  yet  reached  a  sufficient  depth  to 
cut  it.  It  is  not  impossible  that  it  may  be  an  offshoot  from  some  large  body 
occupying  a  lower  position  in  that  direction  —  the  Printer  Boy  body,  for 
instance,  which  is  at  a  lower  geological  horizon,  though  actually  brought  to 
a  higher  elevation  by  faulting. 

Lower  sheet. — The  rock  of  the  second  body,  as  compared  with  that  just 
described  or  with  the  normal  Gray  Porphyry,  has  in  the  hand  specimen  a 
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much  finer  grain,  and  its  minute  feldspar  crystals  are  generally  of  a  flesh 
color.  When  thoroughly  bleached  by  decomposition  it  can  be  distin- 
guished from  the  White  Porphyry  by  its  speckled  or  mottled  appearance, 
whence  the  name  of  "mottled  porphyry"  that  is  not  infrequently  applied 
to  it.  It  is  probably  also  a  variety  of  Gray  Porphyry,  though,  like  the  pre- 
ceding, not  found  in  sufficiently  fresh  condition  for  exact  determination. 

As  nearly  as  can  be  determined  from  the  various  prospect  holes  on  the 
slope  of  the  hill,  this  body  has  its  maximum  thickness  near  the  line  of  the 
Iron  fault  and  thins  out  to  the  southeast.  It  is  best  seen  in  a  tunnel  driven 
in  near  the  fault,  on  its  contact  with  an  underlying  limestone,  which  is  sup- 
posed to  be  the  lower  portion  of  the  Blue  Limestone,  though,  as  the  Part- 
ing Quartzite  was  not  actually  exposed  below  it,  this  cannot  be  regarded  as 
beyond  a  doubt.  A  certain  amount  of  iron-stained  material  is  found  at  the 
contact,  and  it  had  been  supposed  by  some  that  this  repetition  of  a  contact 
of  porphyry  and  underlying  limestone  below  the  regular  outcrop  was  evi- 
dence of  another  fault,  the  different  character  of  the  two  porphyries  having 
escaped  observation. 

This  porphyry  sheet  is  probably  of  much  wider  extent  than  the  one 
previously  described,  although  its  actual  outcrop  is  much  more  limited  ;  as 
will  be  seen  later,  it  probably  extends  under  the  greater  part  of  Carbonate 
Hill,  and  inasmuch  as  sheets  of  Gray  Porphyry  are  found  in  considerable 
development  on  the  north  end  of  Iron  Hill,  though  at  somewhat  lower  hori- 
zon, it  is  fair  to  assume,  as  has  been  done  in  the  sections  (Atlas  Sheet  XXIV), 
that  it  extends  under  Iron  Hill  also,  gradually  lowering  in  horizon  toward 
the  north.  It  is  probable  that  the  small  bodies  of  Gray  Porphyry  found 
crossing  the  limestone  in  various  points  of  the  hill  are  offshoots  from  this 
body. 

white  Porphyry. — The  White  Porphyry,  which  forms  the  summit  of  the 
hill,  is  the  normal  rock  already  described.  From  the  quarry  in  California 
gulch,  just  above  Graham  gulch,  was  taken  the  specimen  chosen  for  complete 
analysis  (see  Appendix  B,  Table  I).  In  this  quarry,  which  is  but  a  short 
distance  west  of  the  Iron  fault,  the  jointing  planes  are  strongly  marked, 
those  parallel  with  the  plane  of  the  fault  being  the  most  prominent. 
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Blue  Limestone. — The  Blue  Limestone,  as  shown  by  the  map,  has  an 
unusually  broad  outcrop  in  California  gulch,  owing  to  erosion  and  to  the 
low  angle  at  which  it  stands.  From  the  bed  of  the  gulch  the  outcrops  extend 
up  along  the  hill  slopes  on  either  side,  only  obscured  by  slide  or  surface 
debris,  until  cut  off  by  the  Iron  and  Dome  faults,  respectively.  On  the 
Montgomery  claim,  a  cliff  exposure  of  a  very  considerable  thickness  of  the 
lower  beds  is  afforded  by  an  open  cut,  where  the  limestone  was  formerly 
quarried  as  a  flux  for  the  smelters.  There  is  also  a  small  outcrop  west  of 
the  Emmet  fault,  near  the  bed  of  the  gulch,  below  the  Columbia  tunnel. 
From  the  upper  beds  in  the  Silver  Wave  ground  were  taken  the  specimens 
illustrated  in  Plate  VI  (p.  64)  and  whose  composition  is  shown  in  Appen- 
dix B,  Table  V.  The  characteristic  ribbed  structure  is  here  very  well  devel- 
oped. The  thickness  of  the  formation,  as  calculated  from  these  outcrops, 
is  two  hundred  feet  or  more,  which  is  greater  than  that  deduced  from  meas- 
urements on  Carbonate  Hill. 

Silurian. — The  White  Limestone  is  disclosed  in  numerous  prospect  holes, 
and  some  shafts  on  the  south  side  of  the  gulch  have  cut  the  character- 
istic Red-cast  beds.  The  Parting  Quartzite  could  not  be  unmistakably 
recognized,  owing  to  its  close  resemblance  underground  to  decomposed 
porphyry.  There  is,  however,  no  reason  to  assume  that  it  is  wanting. 

Cambrian. — The  Lower  Quartzite  is  best  shown  in  the  Globe  and  Garden 
City  shafts,  each  of  which  has  cut  through  it  into  the  underlying  Archean. 
The  quartzite  is  of  the  usual  normal  type  and  the  Archean  is  a  coarse- 
grained granitoid  gneiss. 

iron  fault. — The  average  direction  of  the  line  of  the  Iron  fault  is  a  little 
east  of  north,  but  its  course  is  very  crooked,  as  shown  on  the  map.  Although 
this  irregularity  may  be  somewhat  increased  by  erosion,  i.  e ,  be  greater  than 
if  the  line  given  on  the  map  were  its  intersection  with  a  horizontal  plane, 
still  it  cannot  be  considered  abnormal,  since  from  the  bed  of  California 
gulch  northward  to  the  Codfish  Balls  shaft  it  has  been  actually  proved  in 
so  many  cases  as  to  render  its  delineation  unusually  exact. 

It  has  been*  cut  by  the  workings  of  the  Garden  City  shaft;  by  the  L. 
M.  shaft,  which  was  sunk  perpendicularly  to  the  depth  of  two  to  three 
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hundred  feet  through  White  Porphyry,  on  the  west  side  of  the  fault,  into 
Lower  Quartzite  on  the  east  side;  by  two  shafts  on  the  Lingula  claim  ;  and 
by  numerous  shafts  and  winzes  in  the  claims  of  the  Iron  mine,  some  of  the 
latter  being  sunk  on  the  plane  of  the  fault  itself,  and  showing  its  average 
dip  to  be  60°  to  65°  to  the  westward,  or  nearly  at  right  angles  to  the  dip 
of  the  formation. 

As  the  Blue  Limestone  has  not  yet  been  reached  on  the  west  side  of  the 
fault  in  the  region  represented  on  this  map,  its  movement  of  displacement, 
or  throw,  cannot  be  accurately  determined.  Its  maximum  is  probably  not 
far  from  one  thousand  feet,  since  the  Cit}  of  Paris  shaft,  1,200  feet  north 
of  the  line  of  the  map,  was  sunk  to  a  depth  of  800  feet  without  reaching 
the  Blue  Limestone.  The  dip  of  this  bed  carried  back  from  the  outcrop 
on  Carbonate  Hill,  at  the  average  angle,  would  reach  at  the  line  of  the 
fault  a  much  greater  depth,  probably  not  less  than  fifteen  hundred  feet ; 
but  there  are  good  grounds  for  assuming  that  this  dip  shallows,  and  that 
the  beds  actually  basin  up,  i.  e.,  assume  a  westerly  dip,  before  reaching 
the  line  of  the  fault.  The  movement  of  this  fault  may  here  be  partly  dis- 
tributed among  smaller  parallel  faults  to  the  west,  like  the  Carbonate  fault, 
in  which  case  the  contact  immediately  adjoining  the  main  fault  may  be  found 
at  a  less  depth  than  1,000  feet.  To  the  north,  beyond  the  limits  of  this  map, 
as  has  already  been  soen  in  the  general  description  of  the  Leadville  region, 
the  movement  of  the  Iron  fault  gradually  decreases  and  it  apparently  passes 
into  an  anticlinal  fold.  As  regards  the  continuation  of  the  fault  south  of 
California  gulch,  however,  no  definite  data  have  been  obtained,  since  the 
great  accumulation  of  Wash  and  Lake  beds  there  have  been  a  barrier 
to  underground  explorations.  It  has  been  assumed  that  it  gradually 
passes  into  a  synclinal  fold,  as  indicated  on  the  map  of  Leadville.  The 
movement  of  displacement  south  of  California  gulch  is,  however,  distributed 
among  two  faults,  the  Dome  and  the  Emmet,  with  which  the  Iron  fault  is 
connected  by  a  cross-fault  (the  Californki  fault),  which  follows  approx- 
imately the  bed  of  California  gulch. 

California  fault. — The  plane  of  this  fault  has  not  been  actually  cut,  but  its 
existence  is  proved  by  the  discrepancy  of  the  beds  on  either  side  of  the 
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gulch,  the  Blue  Limestone  outcropping  near  the  Robert  Emmet  tunnel  and 
opposite  the  Globe  shaft,  in  which  the  Lower  Quartzite  is  cut.1 

Dome  fault. —  The  Dome  fault  is  in  one  sense  the  proper  continuation  of 
the  Iron  fault,  since  it  forms  the  great  break  on  Dome  Hill,  as  Iron  fault 
does  on  Iron  Hill,  and,  like  the  latter,  passes  at  its  extremity  into  an  anti- 
clinal fold.  Considered  in  this  way,  the  Iron,  California,  and  Dome  faults 
would  form  a  single  fracture,  somewhat  irregular  in  direction,  but  having  a 
general  north-and,-south  trend,  while  the  southern  continuation  of  the  Iron 
fault,  as  at  present  indicated,  and  the  Emmet  fault,  would  be  simply 
branches,  relieving  the  strain  at  the  sudden  bend  of  the  fault  in  California 
gulch.  To  the  east  of  this  line  of  fracture  are  the  principal  outcrops  of  Blue 
Limestone  and  the  main  ore  developments  in  this  region,  while  to  the  west 
this  horizon  is  more  or  less  deeply  buried  beneath  a  covering  of  porphyry. 
The  Dome  fault  proper  has  a  general  nort'i-and-south  direction.  Its  plane 
has  been  proved  by  underground  workings  only  in  the  Vining  tunnel,  but 
the  line  as  given  on  the  map  is  tolerably  closely  determined  by  the  develop- 
ments of  adjoining  shafts  and  inclines,  those  on  the  west  finding  White 
Porphyry,  underlaid  by  Gray  Porphyry,  on  a  level  with  Blue  Limestone  on 
the  east,  in  the  Rock  and  Dome  workings. 

Emmet  fault. — This  small  fault,  running  in  a  southwest  direction  from 
the  California  fault,  has  a  movement  of  displacement  the  reverse  of  the 
majority  of  the  faults  in  this  region  —  that  is,  the  upthrow  is  to  the  west  in- 
stead of  to  the  east.  Its  plane  has  actually  been  proved  by  a  drift  running  west- 
ward from  a  winze  sunk  in  the  Robert  Emmet  tunnel.  It  is  further  proved 
by  the  discrepancy  in  the  position  of  the  Blue  Limestone  and  the  overlying 
porphyries  on  either  side  of  it,  as  shown  in  Section  G,  Atlas  Sheet  XXV. 
That  it  actually  continues  to  its  junction  with  the  Iron  fault  to  the  south, 
as  indicated  on  the  Leadville  map,  is  merely  a  matter  of  conjecture. 

Dome  Mm. — By  reference  to  Atlas  Sheet  XXV,  Sections  E  and  F,  it  will 
be  seen  that  the  northern  portion  of  the  ridge  of  Dome  Hill,  adjoining  Cal- 

1  Since  the  close  of  field-work,  developments  iu  tho  Garden  City  mine  have  definitely  located  the  posi- 
tion  of  the  western  end  of  this  fault.  The  lower  shaft  on  this  claim  was  sunk  perpendicularly  100  feet 
through  limestone  aiid  vein  material,  and  then  passed  into  the  Lower  Quartzite,  crossing  the  fault 
diagonally.  At  120  feet  a  drift  to  the  southwest  cut  the  fault  at  5  feet  from  the  shaft,  showing  that 
its  dip  is  to  the  south.  At  75  feet  from  the  *haft  the  same  drift  cut  the  plane  of  the  Iron  fault  and  passed 
into  i lie  White  Porphyry  on  the  west  side  of  this  fault. 
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ifornia  gulch,  was  originally  pai't  of  the  Iron  and  Carbonate  Hill  ridge  and 
that  their  present  separation  by  the  valley  of  California  gulch  is  due  tc 
erosion  since  the  Glacial  epoch.  What  is  now  the  main  crest  of  the  ridge 
was  once  an  arm  or  bay  in  the  Arkansas  lake,  and  the  actual  rock  surface 
is  buried  to  a  great  depth  beneath  the  deposits  formed  in  this  lake  and  the 
later  Wash  Except,  therefore,  on  the  northern  edge  of  the  ridge  adjoining 
California  gulch,  which  is  the  portion  shown  on  the  Iron  Hill  map,  data 
with  regard  to  the  actual  rock  surface  are  extremely  meager.  Its  geological 
structure  above  and  to  the  east  is  similar  to,  and  practically  a  continuation 
of,  that  of  Iron  Hill,  namely,  a  series  of  easterly-dipping  beds,  capped  by 
porphyry,  in  which  the  ore  bodies  have  been  developed  by  following  the 
contact  of  the  Blue  Limestone  with  the  overlying  porphyry.  The  main 
difference  lies  in  the  development  of  the  intrusive  sheet  of  Gray  Porphyry 
below  the  White  Porphyry,  which  is  not,  however,  absolutely  parallel 
with  the  bedding,  inasmuch  as  on  the  summit  of  Dome  Hill  a  small  sheet 
of  White  Porphyry  is  left  between  the  Gray  Porphyry  and  the  limestone 
and  in  the  La  Plata  ground  the  Gray  Porphyry  cuts  down  through  the 
upper  part  of  the  Blue  Limestone. 

West  of  the  Dome  fault  the  relative  position  of  these  two  sheets  of 
porphyry  affords  most  valuable  evidence  as  to  the  underground  structure, 
and  actually  proves  a  basining-up  of  the  beds  towards  the  Dome  fault,  as 
has  been  assumed  to  be  the  case  in  regard  to  the  beds  west  of  the  Iron 
fault.  At  the  Bank  of  France  shaft  the  Gray  Porphyry  actually  comes  to 
the  rock  surface.  The  City  Bank  and  Oro  City,  on  the  other  hand,  pass 
through  the  White  Porphyry  into  the  Gray,  as  does  the  Vining  shaft  higher 
up  on  the  hill.  The  Sullivan,  Ben  Burb,  and  Keno  shafts  have  reached 
the  contact  and  limestone  after  passing  through  the  White  and  then  a  com- 
paratively thin  body  of  Gray  Porphyry.  The  Blue  Limestone  is  thus 
shown  to  be  at  no  great  depth  below  the  surface  near  the  Dome  fault.  On 
the  other  hand,  at  the  Coon  Valley  shaft,  near  the  head  of  Georgia  gulch, 
the  Blue  Limestone  is  over  six  hundred  feet  deep,  showing  a  comparatively 
steep  dip  from  the  fault  westward.1 

'Since  the  completion  of  field-work  the  contact  and  even  valuable  bodies  of  ore  have  been  proved 
in  this  region  west  of  the  Dome  fault,  notably  in  the  Rosie,  Sequin,  and  Vining  claims.  In  the  Sequin 
the  contact  was  struck  at  375  feet,  in  the  Viniug  at  317  feet,  in  each  case  with  a  sharp  dip  to  thewest- 
ward. 
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The  wedge-shaped  block  of  ground  between  the  Emmet  and  Iron 
faults  may  be  considered  a  portion  of  the  formation  which,  by  compression 
between  the  adjoining  blocks,  has  been  lifted  up  relatively  and  compressed 
into  an  anticlinal  fold.  Actual  outcrops  of  Blue  Limestone  are  found  near 
the  bed  of  California  gulch,  opposite  the  Globe  shaft.  The  Columbia  tunnel 
was  run  in  apparently  on  the  very  crest  of  the  fold  and  developed  consid- 
erable ore  on  the  contact.  From  the  line  of  the  tunnel  the  formation  dips 
gently  to  the  eastward  and  very  steeply  to  the  westward,  so  that  in  the 
Crescentia  shaft,,  a  little  west  of  it  on  the  slopes  of  California  gulch,  at  a 
depth  of  335  feet  the  limestone  had  not  yet  been  reached,  but  the  shaft  was 
in  the  Gray  Porphyry  beneath  the  White.1  Section  G,  Atlas  Sheet  XXV, 
represents  graphically  the  structure  thus  described. 

Ore  deposits. — The  principal  deposition  of  ore  has  taken  place  along  the 
contact-plane  between  the  Blue  Limestone  and  overlying  White  Porphyry, 
and  extended  to  greater  or  less  depth  into  the  mass  of  the  limestone.  In 
several  instances  large  deposits  have  been  formed  within  the  body  of  the 
limestone,  being  probably  on  the  line  of  some  natural  cleavage  or  joint 
plane  which  caused  a  deviation  of  the  ore  currents  from  their  normal 
course. 

The  vein  material  or  gangue  consists  of  hydrated  oxides  of  iron  and 
manganese,  silica,  and  clay.  The  iron  varies  from  a  hard,  compact,  more  or 
less  silicious  brown  hematite  to  a  simple  coloring  matter  of  the  clay.  Man- 
ganese is  found  sometimes  in  fine,  needle-like  crystals  of  pyrolusite,  but 
mainly  occurs  as  a  sort  of  wad,  a  black  clayey  mass  known  to  the  miners 
as  "  black  iron."  Silica  occurs  either  as  a  blue-black  chert  or  as  a  granular, 
somewhat  porous  mass,  hardly  distinguishable  from  quartzite.  Clay  is 
found  in  greatly  varying  degrees  of  impurity,  from  a  white  kaolin  down, 
and  is  a  product  of  the  decomposition  of  porphyry.  It  occurs  either  in 
place  or  as  an  infiltrated  mass.  Besides  this  should  be  mentioned  the 
Chinese  talc  of  the  miners,  found  mainly  at  the  actual  contact. 

The  ore  is  principally  argentiferous  galena  and  its  secondary  products 
are  carbonate  of  lead,  or  cerussite,  and  chloride  of  silver.  As  accessory 

1  Late  developments  in  the  lower  Garden  City  shaft  show  that  the  Blue  Limestone  is  considerably 
mineralized  and  that  the  formation  dips  very  steeply  to  the  southwest. 
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minerals,  or  those  of  less  frequent  occurrence,  are  sulphate  of  lead  or 
anglesite,  pyromorphite,  minium,  zinc  blende,  and  calamine.  Native  sul- 
phur is  found  in  one  instance  as  the  result  of  the  decomposition  of  galena, 
and  native  silver  formed  by  the  reduction  of  chloride. 


MIN'E  WOKKIXGS. 


The  principal  mine  workings  in  the  area  represented  on  the  Iron  Hill 
map  may  be  divided  into  the  following  groups,  commencing  at  the  south: 

1.  The  Rock  and  Dome. 

2.  The  La  Plata  and  Stone. 

3.  The  Liuie  and  Smuggler. 

4.  The  Silver  Wave  and  Silver  Cord,  including  the  South  Bull's  Eye. 

5.  The  Iron  mine  proper,  including  the  North  Bull's  Eye. 

Rock  and  Dome. — These  two  claims  are  owned  and  worked  by  the  Iron 
Silver  Mining  Company.  The  former  is  opened  by  a  tunnel  running  south- 
ward on  the  strike,  the  latter  by  an  incline  running  eastward  on  the  dip. 
The  ore  bodies  thus  far  developed  in  either  mine  are  found  near  the  sur- 
face of  the  hill  and  may  belong  to  the  same  bonanza,  if  the  same  north- 
easterly direction  of  ore  shoots  prevails  here  as  does  on  Iron  Hfll.  On  the 
hillside,  at  the  present  mouth  of  the  Rock  tunnel,  was  formerly  an  actual 
rock  outcrop,  consisting  largely  of  hard  carbonate,  from  which  the  mine 
derived  its  name  and  where  the  first  ore  in  place  was  found  in  this  region. 
From  it  were  no  doubt  derived  the  heavy  fragments  which  caused  so 
much  annoyance  to  the  early  gulch  miners. 

From  this  tunnel  level  the  ore  has  been  followed  along  the  contact  of 
limestone  and  porphyry  a  certain  distance  upward  or  toward  the  outcrop, 
but  mainly  eastward  in  the  trough  of  a  fold  and  then  downward  on  the  dip 
The  workings  have  also  been  pushed  southward  with  the  intention  of  mak- 
ing a  connection  with  the  Dome  workings.  Beyond  the  crest  of  the  fold 
to  the  eastward  the  contact  has  thus  far  proved  comparatively  barren,  but 
at  the  lower  extremity  of  the  Rock  incline  ore  has  been  found  which  may 
be  the  precursor  of  a  second  ore  shoot. 

In  the  Dome  the  rich  ore  has  thus  far  been  found  near  the  mouth  of 
the  incline,  in  very  considerable  thickness  and  with  a  remarkable  develop- 
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ment  of  masses  of  Chinese  talc  in  the  ore  body,  at  some  distance  from  the 
contact.  The  incline  has  not  yet  reached  a  second  ore  shoot  in  depth, 
though  there  is  every  probability  that  one  will  eventually  be  found  there. 

The  ore  in  both  these  mines  is  mainly  a  hard  carbonate,  very  rich  in 
lead,  but  of  comparatively  low  grade  in  silver.  It  is  very  thoroughly  oxi- 
dized, and  in  some  cases  a  red  oxide  of  lead  has  been  found  in  it.  It 
occurs  in  bodies  sometimes  of  considerable  thickness  and  always  at  or  near 
the  contact.  At  the  contact  the  alteration  of  porphyry  into  the  so-called 
Chinese  talc  is  very  persistent,  and  when  found  in  the  ore  body,  as  in  the 
Dome  mine,  shows  that  offshoots  of  the  porphyry  had  probably  penetrated 
the  limestone  previous  to  the  replacement  of  the  latter  by  vein  material. 

Sections  E  and  G,  Atlas  Sheet  XXV,  which  pass  through  the  Rock 
workings,  show  the  fold  in  the  limestone,  which  affords  a  good  illustration 
of  the  tendency  of  the  ore  currents  to  deposit  their  load  immediately  above 
any  sharp  bend  in  the  stratification. 

La  Plata,  stone,  and  A.  Y. — The  La  Plata  claim  is  opened  by  a  tunnel 
800  feet  long,  running  south  from  near  the  bed  of  the  gulch.  Its  direction 
was  intended  no  doubt  to  correspond  witli  the  strike  of  the  formation,  but 
in  point  of  fact  it  diverges  a  little  to  the  westward,  so  that  while  at  the 
mouth  it  is  at  the  actual  contact  of  the  White  Porphyry  and  Blue  Limestone, 
it  departs  from  it  more  and  more  as  it  advances.  At  the  extremity,  however, 
the  contact  bends  sharply  down  to  the  south,  so  that  a  winze  has  been  sunk 
70  feet  to  reach  it.  It  is  noticeable  that  this  bend  is  on  aline  with  the  east- 
ward continuation  of  the  California  fault. 

Below  the  mouth  of  the  tunnel  and  in  the  body  of  the  limestone  is 
found  the  Gray  Porphyry  sheet,  which  to  the  north  and  south  is  found 
above  the  Blue  Limestone  and  separating  it  from  the  White  Porphyry.  The 
contact  in  this  mine  was  not  found  veiy  productive.  A  small  body  of  ore  was 
found  east  of  the  tunnel,  near  its  mouth,  and  a  prospecting  drift  running  to 
the  Gneisson  shaft,  and  continued  some  distance  beyond  it,  found  the  usual 
evidence  of  mineralizing  action,  but  no  pay  ore :  it  showed,  however,  a 
steepening  of  the  dip  of  the  formation  of  35°.  This,  with  the  sudden  steepen- 
ing at  the  end  of  the  tunnel,  shows  how  difficult  it  is  to  count  on  any  regu- 
larity in  the  dip  of  the  formation  until  it  has  been  actually  proved.  The 
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main  ore  developments  have  been  in  the  body  of  the  limestone,  extending 
as  much  as  one  hundred  feet  below  its  surface,  and  are  opened  by  the  Rus- 
tin  shaft.  These  and  the  similar  ones  in  the  Silver  Wave  ground  are  inter- 
esting as  showing  that  the  ore  deposits  are  by  no  means  confined  to  the 
surface  of  the  limestone,  as  was  originally  supposed.  The  bodies  are  irreg- 
ular in  shape,  but  have  their  greatest  extent  in  a  nearly  vertical  direction. 
The  slickensides  found  on  their  walls  give  evidence  of  some  movement, 
and  they  were  evidently  formed  by  ore  currents  percolating  along  cross- 
joints  or  planes  of  fracture  in  the  limestone,  having  a  general  north  and 
south  direction.  The  ore  is  oxidized  and  does  not  differ  essentially  in  char- 
acter from  that  in  the  adjoining  mines. 

The  Stone  claim  was  ingeniously  outlined  to  take  in  the  curving  out- 
crop of  the  Blue  Limestone  as  it  crosses  the  gulch.  The  developments  on  it 
are  mainly  on  the  north  side  of  the  gulch,  and  have  as  yet  opened  no  con- 
siderable ore  bodies,  though  the  evidences  of  replacement  action  are  abun- 
dant. Probably  a  search  below  the  contact  for  bodies  similar  to  those  of  the 
La  Plata  might  prove  remunerative. 

The  shaft  of  the  A.  Y.  mine,  above  the  Stone  claim,  has  developed  an 
extremely  interesting  occurrence  of  unoxidized  ore,  a  mass  of  galena,  pvrite, 
and  zinc  blende,  which  was  the  only  one  reached  in  the  Leadville  region, 
though  unfortunately  not  accessible,  at  time  of  visit.  The  ore  is  of  low 
grade  in  silver,  and  hence  of  little  value  in  competition  with  the  more  easily 
reducible  oxidized  ores. 

Lime  and  Smuggler.  —  Directly  opposite  the  Rock  workings,  and  at  a  cor- 
responding elevation  on  the  north  slope  of  California  gulch,  are  the  work- 
ings of  the  Lime,  Smuggler,  and  adjoining  claims,  which,  though  not  very 
extensive,  are  sufficient  to  give  evidence  of  another  zone  where  the  lime- 
stone has  been  largely  replaced  by  vein  material.  The  minor  folds  in  the 
limestone  are  here  very  sharp,  the  rock  masses  near  the  surface  sometimes 
broken,  and  the  replacement  has  been  somewhat  irregular,  so  that  the  con- 
tinuity of  the  ore  bodies  is  not  always  evident.  Here,  as  in  the  Dome 
claim,  a  small  thickness  of  White  Porphyry  separates  the  intrusive  sheet  of 
Gray  Porphyry  from  the  contact,  as  shown  in  Sections  E  and  F.  From 
the  south  incline  of  the  Lime  to  the  South  Bull's  Eye  but  little  ore  has 
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yet  been  developed  along-  the  contact.  On  the  extreme  north  end  of  the 
Lime  claim,  an  incline,  not  indicated  on  the  map,  was  driven  in  on  the 
contact  until  cut  off  by  a  wall  of  Gray  Porphyry,  standing  at  an  angle  of 
65°  with  a  strike  to  the  east  and  northeast,  This  would  seem  to  be  an  off- 
shoot from  the  intrusive  sheet  in  the  lower  part  of  the  Blue  Limestone. 
The  form  of  this  offshoot,  shown  in  Section  E,  must  be  understood  to  be,  in 
the  present  state  of  developments,  purely  a  matter  of  conjecture.  That 
ore  bodies  have  not  been  found  at  the  contact  here  is,  however,  not  neces- 
sarily a  proof  that  they  may  not  exist  within  the  body  of  the  limestone,  as 
will  be  seen  from  the  description  of  the  next  group.  Thin  beds  of  shale* 
carrying  Lingula  are  found  at  the  contact  in  the  Lime  and  Bull's  Eye 
claims,  near  the  outcrop. 

South   Bull's   Eye,  and   Silver  Cord  Combination. A    Considerable    body  of   rich 

carbonate  ore  was  found  along  the  contact  and  near  the  outcrop  at  the 
south  end  of  the  Bull's  Eye  claim,  which  has  been  developed  by  the 
so-called  South  incline.  It  was  extremely  irregular  in  shape,  extending  in. 
places  fifteen  or  twenty  feet  below  the  contact ;  its  probable  continuation 
in  the  Silver  Wave  ground  is  apparently  even  thicker  As  shown  in  Section 
D,  this  body,  like  that  already  described  in  the  Rock  mine,  occurs  just  above 
and  on  the  crest  of  a  fold  in  the  limestone,  whose  axis  has  a  northeast  direc- 
tion parallel  to  that  of  the  ore  body.  The  ore  was  quite  rich  near  the  surface,, 
but  became  poorer  in  depth.  To  the  south  it  passes  into  black  iron  (wad), 
containing  little  or  no  silver.  The  incline,  which  runs  diagonally  across 
the  body  and  follows  approximately  the  contact  plane,  has  at  first  an  incli- 
nation of  12°,  and  after  passing  the  crest  of  the  fold  steepens  to  an  average 
angle  of  25°,  and  for  short  distances  reaches  45°  or  more ;  the  contact  is- 
here  barren,  showing  only  iron- stained  clay  and  a  little  Chinese  talc.  This 
body,  like  that  of  the  Rock  mine,  was  one  of  the  earliest  developments  in 
the  district. 

In  laying  out  the  side  lines  of  the  Bull's  Eye  claim  it  was  the  inten- 
tion of  the  original  locators  to  include  within  them,  as  they  did  so  success- 
fully in  the  other  claims  of  the  Iron  Silver  Mining  Company,  the  outcrop 
of  the  vein  or  of  the  upper  surface  of  the  Blue  Limestone.  As  it  happened, 
however,  the  limestone  rises  at  this  point  over  a  secondary  fold,  and  the  line 
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of  contact  bends  backward,  or  up  the  hill,  instead  of  following  its  normal 
grade  along  the  slope,  so  that  for  a  considerable  distance  the  line  of  outcrop 
passes  east  of  the  Bull's  Eye  line  and  within  the  ground  of  the  adjoining  Sil- 
ver Wave  claim.  A  most  valuable  piece  of  ground  was  thus  lost  by  an  acci- 
dent, which  only  an  actual  stripping  of  the  limestone  outcrop  over  its  entire 
extent  could  have  prevented.  During  the  time  this  investigation  was  car- 
ried on,  owing  to  pending  litigation,  the  Silver  Wave  claim,  which  has 
since  been  consolidated  with  the  claims  adjoining  it  on  the  east,  in  what  is 
known  as  the  Silver  Cord  Combination,  was  not  open  to  public  inspection; 
nor  could  permission  be  granted  to  take  copies  of  the  maps  of  undergound 
workings,  as  was  in  general  freely  accorded  by  the  Leadville  mine  owners. 
The  workings  and  outlines  of  ore  bodies  in  these  claims,  as  given  on  the 
map,  are  hence  necessarily  incomplete,  being  made  up  from  data  obtained 
from  outside  surveyors  and  from  notes  gathered  during  a  rather  hasty  per- 
sonal inspection  of  the  workings. 

The  mine  is  opened  by  two  inclines  from  the  surface  in  the  northern 
part,  and  by  shallow  shafts  from  which  inclined  drifts  follow  the  ore  chan- 
nels in  a  very  irregular  manner,  in  other  portions  of  the  claim.1  The  main 
or  most  northern  incline  runs  at  an  angle  of  15°,  striking  the  contact  at  10 
feet  from  its  mouth,  and  thereafter  running  in  the  body  of  the  limestone  at 
an  ever-increasing  depth  below  the  contact.  It  thus  passes  beneath  a  drift 
run  southward  from  the  fifth  level  of  the  Iron  mine,  which  follows  a  barren 
contact  On  the  contact  little  good  ore  has  been  developed,  but  very  rich 
ore,  and  probably  in  very  considerable  quantity,  said  to  have  produced  many 
hundreds  of  thousands  of  dollars,  has  been  obtained  from  bodies  in  the 
mass  of  the  limestone,  and  extending  in  some  cases  to  a  depth  of  one  hun- 
dred feet  below  the  contact.  In  those  visited,  the  outlines  of  the  body, 
although  irregular  as  in  most  ore  bodies  in  limestone,  have  in  general  a 
northeast  direction  and  stand  nearly  vertical.  At  their  upper  limits  can  be 
generally  distinguished  a  distinct  crack  or  jointing  plane  in  the  limestone, 
extending  up  to  the  contact,  as  evidenced  by  the  entrance  of  water  through 
it.  On  the  other  hand,  at  the  lower  limits  of  these  bodies  no  trace  of  any 
opening  could  be  found  through  which  the  ore  solutions  might  have  come 

1  On  the  map,  by  error  in  proof-reading,  the  parallel  linings  used  to  denote  inclines  have  been 
omitted  in  this  mine. 
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from  below.  In  general  outline  the  bodies  seem  pear-shaped,  with  the 
taper  toward  the  top.  Similar  bodies  are  found  around  the  Silver  Cord 
shaft,  also  having  a  northeast  trend,  and,  as  the  map  shows,  in  a  direct  line 
with  those  in  the  Silver  Wave  and  Grand  View  claims.  East  of  the  Silver 
Cord  shaft  a  steeper  dip  in  the  formation  comes  in,  which  may  be  a  contin- 
uation of  the  fold  already  noticed  in  the  South  Bull's  Eye.  It  seems,  then, 
that  before  the  dynamic  movement  in  this  region  there  was  a  certain  amount 
of  fracturing  of  the  beds,  not,  however,  accompanied  by  any  considerable 
displacement,  and  that  along  these  planes  of  fracture  the  ore  currents  have 
penetrated  into  the  body  of  the  limestone,  the  ore  deposition  or  replacement 
acting  from  their  walls  outward. 

In  the  Silver  Wave  claim  was  also  seen  a  freshly  opened  cave,  one  of 
the  few  that  are  found  in  the  Leadville  mines,  and  which  is  of  interest  as 
bearing  on  the  generally-advanced  theory  that  ore  bodies  in  limestone  are 
necessarily  deposits  in  pre-existing  cavities.  It  was  somewhat  funnel-shaped 
toward  the  top,  about  twenty-five  feet  in  horizontal  diameter,  and  contained 
no  ore.  Its  walls,  which  had  the  wavy  surface  common  to  water-worn  lime- 
stone, were  covered  with  a  thin  coating  of  fine  reddish  ooze  or  slime.  An 
examination  of  the  walls  showed  that  these  were  in  part  of  unaltered  lime- 
stone and  in  part  of  ore  and  vein  material,  which  could  not  be  distinguished 
from  each  other  until  the  coating  had  been  removed.  It  was  thus  evident 
that  the  cave  was  of  comparatively  recent  formation,  made  by  the  percola- 
tion of  surface  waters  and  carved  out  of  limestone  and  ore  body  indiffer- 
ently ;  hence,  that  it  is  entirely  posterior  to  the  deposition  of  the  ore,  which 
was  formed  before  surface  waters,  as  the  term  is  generally  understood, 
could  have  reached  to  this  depth. 

iron  mine  proper. — The  underground  workings  of  the  group  of  claims 
which  are  exploited  from  the  various  shafts  and  inclines  of  the  Iron  mine 
cover  an  area  of  about  twenty -five  acres,  being  the  most  considerable  of  any 
single  mine  in  the  district.  They  have  been  driven  a  distance  of  over  fif- 
teen huadred  feet  along  the  contact  eastward  from  the  outcrop,  or  rather 
from  the  fault  line,  since  at  the  peculiar  eastward  bend  of  the  fault  plane 
in  the  Iron  and  Iron  Hat  claims  the  limestone  does  not  actually  come  to  the 
surface. 
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The  Iron  Hill  map  shows  the  principal  underground  drifts  in  this  area, 
taken  from  the  actual  working  maps  of  the  mine,  the  level  of  different 
points  in  these  drifts  l)eing  given  by  figures  which  denote  their  respective 
elevations  above  the  10,000-foot  curve.  The  outlines  of  the  ore  bodies  are 
given  in  generalized  form,  as  deduced  from  the  same  maps  and  from  personal 
observations.  As  in  the  case  of  all  the  mine  maps,  both  drifts  and  ore 
bodies  are  indicated  in  projection,  that  is,  as  if  the  ground  over  them  were 
transparent,  and  in  this  respect  they  differ  from  and  are  independent  of  the 
geological  colors,  which  indicate  the  formations  constituting  the  rock  surface. 

The  mine  is  opened  by  three  principal  inclines,  the  North,  Main,  and 
South,  the  last  of  which  is  no  longer  in  use.  The  bulk  of  the  ore  is  ex- 
tracted through  the  middle  or  Main  incline,  which  is  carried  down  at  an 
angle  of  12°  to  13C  in  approximate  conformity  with  the  surface  of  the  lime- 
stone; it  is  provided  with  powerful  hoisting  engines  and  has  a  double  track. 
In  Atlas  Sheet  XXIV  a  section  is  given  through  each  of  these  inclines,  desig- 
nated A,  B,  C,  respectively,  the  line  of  the  last  running  partly  through  the 
North  incline  of  the  Bull's  Eye  claim,  which  adjoins  the  line  of  tlie  Iron  claim. 

In  this  area  the  contact  has  been  and  is  productive  over  an  unusually 
large  surface,  the  main  ore  body  extending  diagonally  through  the  claims 
in  a  northeast  direction  from  the  croppings,  with  an  average  width  of  200 
feet.  This  productive  zone  is  separated  from  the  zone  of  the  adjoining 
Silver  Cord  Combination  by  comparatively  barren  ground ;  that  is,  barren  as 
far  as  present  explorations  have  gone,  although  it  is  not  absolutely  certain 
that  ore  may  not  still  exist  in  the  body  of  the  limestone.  The  irregularity 
with  which  the  replacement  action  of  the  ore  currents  has  acted  upon  the 
limestone  is  well  shown  in  the  Main  incline.  Here,  after  the  ore  had  been 
extracted  along  the  actual  contact  from  the  first  to  the  fifth  level  and  it  was 
supposed  that  pay  ore  in  this  area  was  quite  exhausted,  it  was  found  in  one 
place  to  extend  considerably  below  what  was  supposed  to  be  the  floor  of 
the  ore  body,  often  simply  a  layer  of  black  chert,  and  a  lower  drift  was  run 
back  from  the  fourth  station  in  the  direction  of  the  fault,  disclosing  a  very 
large  body  of  vein  material  and  rich  ore,  extending  nearly  to  the  fault  plane,1 

1  Later  de\  elopineutu  have  shown  that  this  ore  body  extends  actually  to  the  fault  plane.  Several 
thousand  tous  of  ore  have  been  extracted  from  it  through  the  new  McKeon  shaft,  at  about  fifty  feet 
below  the  contact. 
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and  in  places  reaching  a  depth  of  40  feet  or  more  below  the  actual  contact 
of  limestone  and  porphyry. 

In  Section  C,  which  passes  through  the  North  incline  of  the  Bull's 
Eye,  and  a  little  South  of  the  South  incline  of  the  Iron  mine,  the  tendency 
of  the  rich  ore  to  accumulate  above  a  fold  in  the  limestone,  which  has 
already  been  noticed  in  the  Rock  and  South  Bull's  Eye,  is  quite  apparent, 
the  barren  zone  occurring  on  the  steeper  dip  of  the  formation  towards  the 
Silver  Cord  claim. 

In  the  section  through  the  Main  incline  the  folds  are  less  prominent, 
but  the  same  tendency  always  holds  good,  and  it  is  one  of  the  practical 
generalizations  made  by  those  working  in  the  mine  that  rich  ore  bodies 
occur  always  in  troughs  of  the  limestone.  The  steeper  dip  of  the  forma- 
tion beyond  the  accumulation  of  rich  ore  is  quite  evident.  Just  below  the 
seventh  level  a  small  body  of  Gray  Porphyry  crosses  the. Main  incline  diag- 
onally in  a  direction  a  little  north  of  east.  Here  the  incline  is  some  dis- 
tance below  the  contact,  and  it  could  not  be  definitely  determined  whether 
the  porphyry  extended  up  to  the  contact  or  not,  though  it  has  unintention- 
ally been  indicated  as  doing  so  in  the  section.  To  the  westward,  if  it  con- 
tinues in  that  direction,  it  does  not,  as  the  contact  has  been  explored  on  the 
line  of  its  continuation  without  finding  it.  It  is  cut  in  the  eighth  level  a 
short  distance  north  of  the  Main  incline,  but  in  neither  case  is  the  limestone 
mineralized  to  any  extent  at  its  contact. 

On  the  line  of  the  North  incline  the  general  dip  of  the  formation  has 
become  extremely  shallow,  as  shown  by  the  old  drift,  known  as  the  Tucson 
incline,  which  followed  the  contact  in  all  its  curves  and  irregularities.  This 
shallowing  of  the  dip  is  probably  due  to  a  general  basining-up  of  the  for- 
mation to  the  northward,  since  on  North  Iron  hill  in  the  Adelaide  and  Argen- 
tine ground  it  curves  in  strike  to  the  eastward  and  assumes  a  southerly 
dip.  Thus  at  the  Hynes  shaft,  which  is  on  the  same  line  of  strike  with  the 
Tucson  shaft,  the  contact  stands  about  fifty  feet  higher  than  at  the  latter. 

In  this  portion  of  the  mine  a  second  series  of  less  important  ore  bodies 
occurs  in  a  depression  in  the  limestone  to  the  west  of  the  main  bonanza 
and  near  the  fault  line.  It  has,  like  the  latter,  a  general  northeast  trend. 


IRON  MINE  WORKINGS.  397 

Whether  it  will  lead  to  more  important  developments  in  that  direction 
explorations  have  not  yet  been  sufficiently  extensive  to  determine. 

The  main  ore  body  on  this  line  extends  more  or  less  continuously  from 
a  little  above  the  fifth  level  eastward  to  the  bottom  of  the  Tucson  shaft, 
being  mainly  concentrated  between  the  fifth  and  eighth  levels,  where  it 
extended  at  times  to  a  depth  of  30  feet  or  more  below  the  contact.  A  very 
interesting  feature  of  this  remarkable  ore  body  is  the  occurrence  of  a  body 
of  Gray  Porphyry,  cutting  up  into  the  limestone  and  at  one  point  reaching 
the  contact  with  the  White  Porphyry.  It  has  no  apparent  connection  with 
the  body  already  mentioned  in  the  Main  incline.  At  the  time  of  examina- 
tion it  was  so  little  explored  that  but  little  could  be  ascertained  as  to  its 
form  or  extent,  and  the  representation  given  in  Section  A  is  almost  entirely 
ideal.  It  is  there  drawn  as  extending  across  the  contact  into  the  White 
Porphyry,  for  the  reason  that  Mr.  Jacob  found  White  Porphyry  under  it  in 
the  old  Tucson  drift,  where  it  runs  above  the  North  incline.  Both  north 
and  south  of  this  line,  however,  it  does  not  reach  the  contact,  and  ore  and 
vein  material  are  continuous  over  it.  Later  developments  have  shown  that 
the  ore  extends  to  a  considerable  depth  into  the  limestone  along  its  contact 
and  that  its  general  direction  is  northwest  and  southeast. 

It  is  probable  that  both  these  bodies  of  Gray  Porphyry  are  irregular 
offshoots  from  the  main  intrusive  sheet  at  the  base  of  the  Blue  Limestone 
and  differ  from  the  ordinary  dike.  The  fact  that  the  one  which  crosses  the 
general  direction  of  the  ore  bodies  is  accompanied  by  a  concentration  of 
rich  ore  in  its  vicinity,  while  that  which  runs  parallel  with  this  direction  is 
not,  is  in  accordance  with  the  conditions  found  in  connection  with  such 
cross-cutting  bodies  of  porphyry  on  Carbonate  and  Fryer  Hills  and  with 
the  theory  that  they  are  favorable  to  the  concentration  of  ore  when  so  situ- 
ated, in  that  they  would  produce  a  retardation  in  the  flow  of  the  ore  solu- 
tions and  thus  give  them  more  time  to  deposit  their  load. 

It  was  in  one  of  the  drifts  running  north  from  the  North  incline,  at  the 
sixth  level,  that  a  mass  some  two  feet  in  diameter  was  found,  composed 
mainly  of  native  sulphur  associated  with  a  little  carbonate  of  lead.  As  it 
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was  comparatively  free  from  iron  oxide,  it  seems  evident  that  it  must  have 
resulted  from  the  reduction  of  galena,  the  lead  having  been  removed  in  the 
state  of  carbonate. 

In  the  body  of  the  limestone,  on  the  eighth  level  not  far  from  the  North 
incline,  a  natural  jointing  plane,  forming  one  wall  of  the  drift,  was  ob- 
served to  be  coated  Avith  fine,  silky,  white  crystals,  which  chemical  exami- 
nation proved  to  be  calamine  or  silicate  of  zinc.  If  the  sulphureted  ores, 
which  will  undoubtedly  be  found  when  the  mine  workings  shall  have 
reached  the  limits  of  the  zone  of  oxidation,  are  as  rich  in  blende  as  those 
which  have  been  found  in  the  A.  Y.  mine,  it  seems  singular  that  little  or 
no  zinc  has  hitherto  been  found  associated  with  the  oxidized  ore.  This 
occurrence  would  seem  to  show  that,  owing  probably  to  greater  solubility, 
the  alteration  products  of  blende  have  been  removed  during  secondary 
deposition  to  a  greater  distance  from  their  original  location  than  those  of 
the  other  sulphurets. 

In  the  lower  levels  of  the  mine  there  has  been  a  notable  increase  in 
the  proportion  of  unaltered  galena  in  the  ore,  but  as  yet  no  pyrites  or  other 
sulphurets  have  been  found.  While  specimens  of  galena  are  still  found 
which  average  as  high  as  1,200  ounces  of  silver  to  the  ton,  the  general 
tenor  of  the  ore  is  lower  than  near  the  outcrops,  and  the  evidence  afforded 
by  the  records  of  assays,  which  were  very  systematically  kept  in  this  mine, 
shows  that  there  has  been  a  gradual  but  comparatively  steady  decrease  in 
the  average  tenor  of  the  ore  in  silver  with  the  progress  in  depth.  These 
records  further  show,  and  their  evidence  was  confirmed  by  numerous  tests 
made  in  the  laboratory  of  the  Survey,  that  no  reliance  can  be  placed  on  a 
relation  assumed  by  some  to  exist  between  the  coarseness  or  fineness  of 
grain  of  a  galena  and  its  contents  in  silver. 

Explorations  to  the  eastward  beyond  the  Tucson  shaft  and  in  the 
lower  part  of  the  Main  incline  have  been  carried  on  along  the  contact  line 
thus  far  without  very  remunerative  results.  It  would  seem  probable  that 
ore  might  be  found  in  this  direction  in  the  body  of  the  limestone,  and 
possibly  in  more  or  less  direct  connection  with  the  cross-cutting  sheet  of 
Gray  Porphyry,  from  which  those  above  mentioned  are  offshoots  and 
which  may  be  assumed  to  be  at  a  considerable  depth  below  the  contact  ip 
this  eastern  region. 
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Relation  of  iron  fault  to  ore  bodies. — In  the  area  under  consideration  the  plane 
of  the  Iron  fault  has  been  cut  in  so  many  places  as  to  render  its  tracing 
practically  continuous  at  its  intersection  with  the  contact.  Its  continuation 
has  also  been  traced  through  the  porphyry  above  the  contact  to  the  surface. 
Winzes  have  been  sunk  just  north  of  the  Main  incline  to  a  depth  of  100 
feet  on  the  fault  fissure,  and  from  the  McDonald  shaft  65  feet,  as  shown  in 
Sections  A  and  B.  Examinations  of  these  workings,  and  descriptions  of 
them  where  they  were  no  longer  accessible,  render  it  very  evident  that 
the  faulting  has  been  posterior  not  only  to  the  intrusion  of  the  porphyry, 
but  also  to  the  deposition  of  the  ore. 

It  has  been  soberly  maintained  by  some  experts  when  testifying  in 
lawsuits  that  the  faulting  was  previous  to  the  eruption  of  the  porphyry 
and  that  the  latter  flowed  down  over  the  successive  benches  formed  by  the 
faults,  following  their  surfaces.  A  consideration  of  the  general  geological 
structure  of  the  region,  where  instances  abound  showing  that  porphyry 
bodies  and  sedimentary  beds  were  both  folded  and  faulted  together,  should 
be  sufficient  to  show  how  untenable  is  such  a  theory;  but  a  sufficient  refu- 
tation is  found  at  this  very  point  in  the  fact  that  the  fault  plane  can  be 
traced  up  to  the  surface  through  the  overlying  porphyry. 

That  the  ore  was  original^'  deposited  previous  to  the  faulting  is  less 
self-evident,  since  in  places  there  is  a  certain  amount  of  alteration  of  the 
limestone  adjoining  the  fault  plane  and  since  ore  has  been  actually  found  in 
the  fault  fissure,  which  often  has  a  width  of  three  feet  or  more  and  is  filled 
with  a  dark  clayey  mass,  bearing  a  certain  resemblance  to  vein  material. 
The  alteration  is  only  such  as  might  have  been  expected  from  the  ac- 
tion of  surface  waters  passing  across  the  ends  of  the  contact  adjoining  the 
fault,  and  consists  merely  in  a  slight  impregnation  or  replacement  of  the 
limestone  by  oxides  of  iron  and  manganese.  This  action  extends  at  most 
only  a  few  feet  into  the  limestone  and  is  confined  to  a  region  comparatively 
•  near  the  surface.  Had  the  original  ore-bearing  currents  actually  followed 
the  plane  of  the  fault,  ore  deposition  would  have  extended  to  a  much  greater 
distance  into  the  body  of  the  limestone  from  the  fault  plane  than  from  its 
upper  surface,  inasmuch  as  far  easier  access  to  percolating  waters  would 
have  been  afforded  by  the  numerous  bedding  planes. 
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As  regards  the  question  of  ore  found  along  the  fault  plane,  it  may 
readily  be  conceived  that  in  the  dragging  movement  of  the  edges  of  two 
immense  bodies  of  rock,  the  one  against  the  other,  during  the  fault  dis- 
placement, a  very  considerable  amount  of  the  adjoining  rock  could  be  broken 
off  and  carried  along  for  some  distance  from  its  original  position.  The 
greater  part  of  this  material  would  be  clay  from  the  porphyry,  but  with  it 
would  be  mixed  a  certain  amount  of  limestone  and  ore.  The  circulation 
of  waters  from  the  contact  plane  on  either  side,  and  therefore  carrying  more 
or  less  mineral  matter  in  solution,  might  occasion  a  secondary  replacement 
of  this  limestone  by  ore.  It  is  even  conceivable  that  in  contact  with  the 
inorganic  matter,  which  must  have'  been  present,  sulphates  might  have  been 
reduced  to  sulphides  and  galena  have  been  deposited,  but,  unless  the  mineral 
were  found  in  the  limestone  outside  of  the  attrition  mateiial  of  the  fault 
fissure,  it  would  not  be  a  proof  that  it  was  an  original  deposit  before  the 
fault  movement.1 

1  In  the  years  that  have  elapsed  since  this  was  first  prepared  for  the  press,  a  ucw  shaft  has  been 
sunk  110  feet  south  of  the  Main  incline  for  the  purpose  of  exploring  the  fault  plane.  The  data  ob- 
'tained  from  this  by  personal  observation  and  from  information  furnished  by  Mr.  F.  T.  Freeland, 
engineer  of  the  mine,  ami  who  was  present  during  all  the  explorations,  furnish  a  remarkable  con- 
firmation of  the  above  views.  The  shaft  was  sunk  to  a  vertical  depth  of  3(Mi  feet,  but  at  an  angle  of 
50°  ;  drifts  were  run  on  the  fault  plane  at  four  levels,  that  on  the  second  level  having  a  total  length  of 
•J, (UNI  feet.  In  this  level  the  sharp  eastward  bend  of  the  fault  plane  has  practically  disappeared.  On 
the  first  level,  which  corresponds  to  the  third  level  of  the  Main  incline,  a  considerable  amount  of  ore  was 
obtained  from  the  lower  ore  body.  Ore  was  also  obtained  at  various  depths  ou  the  fault  fissure  below, 
this  level.  In  regard  to  this  ore,  the  following  facts  were  observed  :  Firet,  the  ore  was  always  found 
within  the  walls  of  the  fault  fissure ;  secondly,  it  occurred  in  masses  rounded  as  if  by  attrition,  and  evi- 
dently foreign  to  the  clayey  tilling  of  the  fissure  in  which  it  was  imbedded;  thirdly,  no  ore  was  found 
ontside  of  two  vertical  planes  drawn  through  the  intersection  of  the  boundaries  of  the  main  Iron  mine 
ore  body  with  the  fault  plane.  It  is  interesting  to  compare  the  actual  section  obtained  in  this  shaft 
with  that  given  in  Section  B,  which  was  a  theoretical  deduction  from  data  obtained  at  other  points. 
The  angle  of  the  fault  was  found  in  depth  to  average  50°,  instead  of  60°,  as  had  been  deduced  from 
observations  near  the  surface. 
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NORTH    IRON    HILL. 

Atlas  Sheet  XXVI  shows  the  topography,  geology,  and  principal  mine 
developments  of  the  northern  end  of  Iron  Hill,  overlooking  Stray  Horse 
gulch,  and  forms,  as  aforesaid,  really  a  portion  of  the  main  map  of  Iron  Hill. 
In  this  region  ore  was  first  discovered  on  the  Camp  Bird  claim  in  the 
autumn  of  1876.  At  present  the  principal  mine  workings  belong  to  two 
companies,  the  Argentine  and  the  Adelaide,  the  former  of  which  owns  the 
Camp  Bird  and  Pine  claims,  and  the  latter  the  Terrible  and  Adelaide  claims; 
the  latter  overlaps  those  of  the  former  company,  a  fact  which  has  given 
rise  to  much  litigation. 

General  geological  structure. — As  compared  with  Iron  Hill  proper,  its  geo- 
logical structure  is  one  of  extreme  complexity,  and  also  difficult  of  exact 
determination,  for  the  reason  that  underground  workings  are  few  and 
accessible  in  but  a  comparatively  small  portion  of  the  area. 

In  the  region  west  of  the  Iron  fault  the  structure  indicated  on  the  map 
is  deduced  from  data  obtained  outside  of  its  area,  and  to  that  extent  is 
theoretical.  That  the  Blue  Limestone  basins  up  to  the  eastward  as  it  ap- 
proaches the  fault  is  proved  in  the  Devlin  .shaft,  which  reached  it  at  a 
depth  of  200  feet,  and  in  the  Highland  Mary  and  other  shafts,  in  Stray 
Horse  gulch  just  north  of  the  limits  of  the  map,  which  found  it  still  nearer 
the  surface.  The  outcrop  indicated  in  the  northwest  corner  of  the  map  is 
a  portion  of  the  Blue  Limestone,  split  off  from  the  main  body,  corresponding 
to  that  cut  in  the  Agassiz  and  adjoining  shafts,  and  forming  the  south  end 
of  the  Little  Stray  Horse  Park  synclinal  basin,  as  explained  in  Part  I, 
Chapter  V. 

East  of  the  Iron  fault  the  formations  rise  slightly  to  the  northward,  so 
that  their  strike  assumes  a  more  easterly  and  westerly  direction  and  dips  to 
the  south  and  east.  By  the  erosion  of  Stray  Horse  gulch,  on  the  lower 
part  of  the  steep  northern  slope  of  Iron  Hill,  a  succession  of  Paleozoic  for- 
mations down  to  the  Lower  Quartzite  are  exposed,  while  by  the  movement 
of  the  Adelaide  fault,  which  crosses  the  northeast  corner  of  the  area  mapped, 
a  still  lower  series  of  beds  is  exposed  beyond  it. 
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The  most  striking  peculiarity  of  the  structure  is  the  cutting  across  of 
the  Blue  Limestone  formation  by  the  White  Porphyry,  this  region  being 
on  the  line  already  mentioned  as  extending  from  Fryer  Hill  to  West 
Sheridan,  where  this  cutting  down  of  the  White  Porphyry  sheet  occurs. 
Its  effect  is  graphically  shown  on  Atlas  Sheet  XXVII,  Section  B.  It  will 
be  observed  that  whereas  at  the  south  end  of  the  section  the  White  Por- 
phyry occurs,  as  it  generally  does,  above  and  parallel  with  the  Blue  Lime- 
stone, at  the  northern  end,  where  exposed  by  the  workings  of  the  Argentine 
mine,  it  crosses  the  basset  edges  of  the  Blue  Limestone,  and  at  the  outcrop 
it  probably  comes  in  contact  with  the  underlying  Parting  Quartzite.  As 
the  remainder  of  the  Blue  Limestone,  above  the  cross-cutting  of  the  White 
Porphyry,  has  been  removed  by  erosion,  it  is  not  possible  to  determine 
whether  it  was  mineral-bearing  or  not.  As  far  as  determined  by  the  present 
workings  the  deposition  of  the  richer  ore  has  gone  on,  not  as  is  ordinarily 
the  case  at  the  contact  of  the  White  Porphyry  with  the  Blue  Limestone, 
but  at  its  contact  with  the  Parting  Quartzite. 

iron  fault. — In  this  area  the  Iron  fault  is  struck  in  the  Iron  Hat  shaft, 
and  on  the  Codfish  Balls  claim  by  a  shaft  and  tunnel.  Beyond  this  claim 
to  the  northward  its  location  is  only  approximate,  though  beyond  the  limits 
of  the  map  it  is  determined  very  closely  by  adjoining  shafts  on  either  side. 
Its  movement  is  the  same  as  it  was  at  the  south,  namely,  an  upthrow  on 
the  east,  but  the  amount  of  that  throw  is  constantly  decreasing  as  one 
goes  north. 

Adelaide  fault. — The  location  of  this  fault  is  also  approximate,  owing  to 
the  infrequency  of  shafts  in  its  neighborhood,  and  also  to  the  fact  that  it 
often  has  porphyry  on  either  side.  Its  movement  is  a  slight  upthrow  on 
the  northeast. '  Its  location  is  determined  by  the  discrepancy  of  the  forma- 
tions disclosed  by  the  Laura  Lynn,  Park,  and  adjoining  shafts  in  Adelaide 
Park,  and  by  the  Double  Decker  group  of  shafts  opposite  the  Argentine 
tunnel,  on  the  one  side,  and  by  the  workings  of  the  Adelaide  and  Argentine 
mines  on  the  other. 

Rock  formations. — The  sedimentary  formations  disclosed  in  this  area  are 
the  same  succession  of  Paleozoic  beds,  from  the  Lower  Quartzite  up  to  the 
Blue  Limestone,  that  outcrop  on  the  southern  end  of  Iron  Hill.  The  por- 
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phyry  masses  are,  however,  much  more  varied  and  numerous.  It  may  be 
safely  assumed  that  they  are  mostly  intrusive  sheets,  but  the  underground 
workings  are  not  yet  sufficiently  extensive  to  determine  whether  they  may 
all  be  considered  so  or  not.  As  has  already  been  noticed  in  the  general 
description,  Part  I,  Chapter  V,  there  is  reason  to  suppose  that  one  body  of 
Gray  Porphyry,  extending  from  Adelaide  Park  up  the  south  slope  of  Yankee 
Hill,  has  cut  up  across  the  formations  from  below. 

The  different  bodies  of  porphyry  that  have  been  thus  far  disclosed  in 
this  portion  of  the  hill  may  be  enumerated  as  follows,  commencing  with 
those  which  stand  the  highest  in  geological  horizon:  (1)  The  main  body 
of  White  Porphyry  overlying  the  Blue  Limestone;  (2)  a  second  sheet,  cut- 
ting across  the  basset  edges  of  the  limestone  and  connected  with  No.  1 ;  (3) 
a  small  body  of  Gray  Porphyry  between  No.  2  and  the  Parting  Quartzite; 
(4)  a  thin  sheet  of  White  Porphyry,  splitting  the  Parting  Quartzite  into  two 
parts ;  (5)  a  heavy  body  of  Gray  Porphyry,  with  two  smaller  sheets,  prob- 
ably offshoots,  above  and  below  it,  respectively,  all  three  in  the  White 
Limestone;  (6)  a  lower  sheet  of  White  Porphyry,  also  in  the  White  Lime- 
stone. The  distribution  of  these  bodies  and  their  probable  extent  can  be 
best  seen  by  reference  to  Atlas  sheet  XXVII. 

Section  A,  drawn  at  an  oblique  angle  to  the  strike,  passes  first  through 
the  Argentine  ground  and  then  through  the  Adelaide,  showing  the  dis- 
tribution of  the  ore  bodies  in  the  latter.  At  its  southeastern  extremity  only 
White  Porphyry  is  given  as  cut  by  it,  as  it  is  supposed  to  be  in  the  strike 
of  the  cross-cutting  body  of  this  rock.  In  the  entire  want  of  any  actual 
data  this  theoretical  representation  may  not  be  absolutely  correct.  The 
Blue  Limestone  is  split  into  two  wedge-shaped  and  probably  overlapping 
bodies.  The  upper  or  northeast  portion  has  been  eroded  off  in  the  Adelaide 
and  Argentine  ground.  Whether  it  has  also  been  removed  here,  as  repre- 
sented in  the  section,  or  whether  a  portion  should  be  shown  in  the  White 
Porphyry,  can  only  be  determined  by  actual  developments.  The  lower 
wedge-shaped  portion  of  the  Blue  Limestone,  extending  to  the  south  and 
west  in  normal  contact  with  the  Parting  Quartzite,  is  supposed  to  come  in 
a  short  distance  southwest  of  this  line,  as  shown  in  Section  C,  whose  eastern 
end  is  nearly  in  the  plane  of  Section  A. 
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Section  B,  drawn  approximately  through  the  line  of  the  Argentine 
tunnel  and  at  right  angle  to  the  line  of  strike,  gives  the  best  representation 
of  the  geological  structure,  the  lines  having  been  determined  by  careful 
measurement.  Section  C,  on  the  other  hand,  is  rather  a  theoretical  repre- 
sentation of  what  may  probably  be  found  on  this  line,  reasoning  from  what 
is  observed  on  either  side  of  it,  there  being  no  underground  explorations  on 
its  plane. 

ore  deposits. —  Deposition  of  ore  in  this  region  has  been  extremely  irreg- 
ular, as  might  have  been  expected  from  the  complicated  nature  of  the 
different  intrusive  bodies  which  have  traversed  the  sedimentary  formations. 
The  main  body  of  rich  ore  thus  far  discovered  has  been,  as  already  men- 
tioned, at  the  contact  of  White  Porphyry  and  Parting  Quartzite.  This  is 
found  mainly  in  the  Camp  Bird  and  Pine  claims,  coming  actually  to  the 
surface  as  an  outcrop.  It  is  not  improbable  that  this  and  the  small  bodies 
found  in  the  Adelaide  mine  are  the  replacement  of  isolated  portions  of  the 
Blue  Limestone,  detached  from  the  main  body  by  the  intruding  porphyry. 
There  is  evidence  also  of  considerable  replacement  action  all  along  the 
contact  of  the  White  Porphyry  with  the  Blue  Limestone,  both  on  the  basset 
edges  and  on  the  upper  surface  of  the  latter. 

In  the  Adelaide  mine,  as  shown  by  the  developments  of  the  Ward 
and  Adelaide  shafts,  the  ore  occurrence  is  extremely  irregular.  Lenticular 
bodies  or  pockets  of  sand  carbonate  are  found  between  the  White  and 
Gray  Porphyry  and  at  the  contact  of  the  latter  with  the  Parting  Quartzite. 
Moreover,  at  the  bottom  of  the  Ward  shaft  a  considerable  body  of  vein 
material  is  said  to  have  been  opened  in  the  lower  Gray  Porphyry,  from 
which  some  silicates  of  copper  were  obtained.  At  the  time  of  visit  these 
workings  were  abandoned  and  could  not  be  examined.  The  ore  in  general 
is  carbonate  of  lead,  with  the  usual  gangue  of  iron  oxide,  but  here  rather 
silicious,  as  might  be  expected  from  the  country  rock.  The  masses  of  sand 
carbonate  found  in  the  Adelaide  mine  are  remarkably  pure,  and  have  the 
appearance  at  a  little  distance  of  a  white  quartz  sand.  They  contain,  how- 
ever, but  little  silver.  A  complete  analysis  of  a  specimen  of  one  of  these 
may  be  found  in  Appendix  B, Table  VIII.  It  contains  about  95  percent,  of 
carbonate  of  lead,  with  a  slight  admixture  of  pyromorphite  or  chloro-phos- 
phate  of  lead. 
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MINE   WORKINGS. 


The  underground  workings  of  this  portion  of  Iron  Hill  are  almost 
exclusively  confined  to  the  Argentine  and  Adelaide  mines. 

Argentine. — The  Argentine  mine  is  opened  by  the  Camp  Bird  and  Argen- 
tine tunnels  and  the  Loker  and  Hynes  shafts.  The  old  workings  on  the 
Camp  Bird  claim  are  now  mostly  abandoned.  The  ore  was  found  quite 
near  the  surface,  resting  on  the  Parting  Quartzite,  which  is  here  30  feet 
thick  and  contains  no  White  Porphyry,  as  it  does  in  the  Argentine.  This 
contact  does  not  seem  to  have  been  followed  in  depth.  Indeed,  the  geo- 
logical relations  of  the  ore  bodies  were  so  little  understood  in  early  times 
that  no  systematic  exploration  could  be  carried  on. 

In  the  Pine  claim  the  main  ore  body  was  also  found  near  the  surface 
and  above  the  level  of  the  Argentine  tunnel.  It  was  afterwards  traced  down 
along  the  dip  southward  to  a  level  80  feet  below  the  Argentine  tunnel, 
then  southeastward  into  the  Adelaide  claim,  following  nearly  the  line  of  the 
strike,  but  rising  a  little — that  is,  diverging  to  the  eastward. 

Argentine  tunnel. — Ore  is  extracted  through  the  Argentine  tunnel,  the 
Loker  shaft  being  used  simply  for  ventilation  purposes  This  tunnel  is 
over  twelve  hundred  feet  long,  running  first  a  little  east  of  south  and  then 
bending  to  the  west  of  south.  It  crosses  the  Adelaide  claim,  on  agreement 
with  that  company,  in  order  to  explore  the  ground  beyond.  The  geological 
structure,  as  exposed  by  this  tunnel,  was  for  a  long  time  a  complete  puzzle 
to  those  who  were  working  the  mine,  owing  to  the  difficulty  of  distinguishing 
the  different  rocks  from  one  other  when  bleached  and  altered.  Even  now 
a  chemical  test  is  often  necessary.  After  passing  through  surface  Wash  the 
tunnel  crosses  the  upper  part  of  a  body  of  White  Porphyry  into  White 
Limestone.  About  seventy-five  feet  from  the  mouth  a  small  gash  vein  in 
the  porphyry,  carrying  galena,  is  said  to  have  been  found,  upon  which  a 
winze  was  sunk.  In  the  White  Limestone  a  narrow  sheet  of  bluish-gray 
porphyry  is  found  before  the  tunnel  enters  the  main  body  of  Gray  Por- 
phyry, which  at  the  contact  is  quite  bleached  by  decomposition.  Some 
ii'on-stained  vein  material  is  also  found  on  the  contact.  Beyond,  the  tunnel 
again  passes  through  White  Limestone  for  150  feet,  another  small  sheet  of 
porphyry  being  cut  about  midway  in  this  distance.  Parting  Quartzite  and 
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White  Porphyry  are  then  crossed,  these  being  likewise  very  difficult  to 
distinguish  from  each  other  underground.  At  the  Blue  Limestone  contact, 
which  occurs  at  the  bottom  of  the  Loker  shaft,  no  ore  is  found  on  the  tunnel 
level.  A  drift  runs  off  to  the  eastward  about  one  hundred  and  twenty-five 
feet  from  the  Loker  shaft,  through  which  the  ore  stopes  both  above  and 
below  are  reached.  From  the  Loker  shaft  the  tunnel  runs  for  about  five 
hundred  feet  in  the  Blue  Limestone,  which  has  an  average  dip  of  15°  to  20° 
to  the  southeast.  Wherever  raises  have  been  made  to  the  porphyry  above, 
barren  vein  material  has  been  found.  This  also  reaches  the  tunnel  level  at 
times,  following  bedding  or  joint  planes  in  the  limestone.  In  one  case  a 
drift  and  winze  have  followed  a  considerable  mass  of  vein  material  in  the 
limestone,  but  without  finding  pay  ore.  Near  the  end  of  the  tunnel  the 
normal  contact  between  limestone  and  porphyry  is  crossed.  The  limestone 
is  here  of  lighter  color,  seamed  with  white  calcite,  and  somewhat  brecciated. 

At  the  bottom  of  the  Hynes  shaft,  with  which  the  tunnel  is  intended 
to  connect,  drifts  have  been  run  upon  the  contact,  disclosing  some  vein 
material.  The  dip  of  the  formation  is  here  shallower  and  to  the  southward. 
Above  the  contact  are  found  quartzite  and  shales,  belonging  to  the  Weber 
Shale  formation,  between  it  and  the  White  Porphyry,  as  in  the  Bull's  Eye 
and  Lime  claims. 

While  the  pay  ore  in  this  mine  has  been  found  at  the  contact,  not  of  the 
Blue  Limestone,  but  of  the  Parting  Quartzite,  it  does  not,  so  far  as  known, 
extend  between  these  two  formations.  This  would  readily  be  accounted  for 
on  the  theory  that  these  ore  bodies  are  the  replacement  of  a  portion  of  Blue 
Limestone  left  between  the  Parting  Quartzite  and  the  White  Porphyry  at 
the  time  of  the  intrusion  of  the  latter. 

Adelaide. — The  ore  bodies  in  the  Adelaide  mine  are  much  more  discon- 
nected and  irregular  than  in  the  Argentine.  The  mine  has  been  mainly 
worked  by  a  number  of  isolated  shafts,  and  owing  to  complexity  of  the 
geological  structure  the  ore  bodies  have  not  been  systematically  followed, 
so  that,  as  many  drifts  were  closed  at  the  time  of  visit,  the  geological  data 
are  less  complete  than  could  be  desired.  The  main  difference  in  the  forma- 
tion between  this  and  the  Argentine  is  the  occurrence  of  a  later  intrusive 
sheet  of  Gray  Porphyry  between  the  White  Porphyry  and  the  Parting 
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Quartzite,  which  seems  to  be  somewhat  irregular  in  form  and  of  limited 
extent.  The  ore  occurs  both  above  this  body,  between  it  and  the  White 
Porphyry,  and  below  it,  or  at  its  contact  with  the  Parting  Quartzite.  A 
fragment  of  unreplaced  Blue  Limestone  is  also  found  resting  on  the  Part- 
ing Quartzite  and  separating  it  from  the  overlying  White  Porphyry.  This 
woidd  seem  to  indicate  the  possibility  that  many,  if  not  all,  of  the  ore 
bodies  are  the  replacement  of  similar  fragments  of  limestone  left  by  the 
irregular  cutting  of  the  porphyry. 

The  so-called  Adelaide  Discovery  is  a  tunnel  about  fifty  feet  east  of  the 
smelter,  adjoining  Stray  Horse  gulch  Here  was  an  outcrop  of  three  or 
four  feet  of  hard  carbonate  ore,  dipping  15°  to  20°  to  the  southeast  and 
resting  on  Parting  Quartzite.  The  tunnel,  which  starts  in  a  little  above  the 
outcrop,  ran  into  Blue  Limestone,  and  a  winze  from  its  end  is  said  to  have 
struck  the  qwartzite  below. 

The  most  important  developments  in  the  mine  have  been  made  in  the 
Ward  shaft  This  was  sunk  first  through  170  feet  of  White  Porphyry, 
which  was  much  decomposed  and  for  a  considerable  distance  stained  a 
brilliant  red,  apparently  by  anhydrous  oxide  of  iron.  At  this  depth  was 
a  layer  of  carbonate  of  lead,  below  which  were  20  feet  of  decomposed 
Gray  Porphyry  and  a  second  layer  of  ore  resting  on  coarse-grained  Part- 
ing Quartzite  15  feet  in  thickness.  Below  the  quartzite  was  20  feet  of 
White  Porphyry,  and  again  five  to  six  feet  of  quartzite,  representing  the 
balance  of  the  Parting  Quartzite  formation.  Below  the  quartzite  the  shaft 
passed  through  75  feet  of  a  very  hard,  jaspery  material,  consisting  mostly 
of  silica,  with  only  about  5  per  cent,  of  oxide  of  iron,  which  is  a  replacement 
of  the  White  Limestone.  When  this  material  was  freshly  taken  out  it  con- 
tained in  seams  and  cavities  a  reddish  gelatinous  substance  that  resembled 
gelatinous  silica  in  the  process  of  deposition,  which  would  indicate  that  the 
replacement  of  limestone  and  deposition  of  silicious  matter  are  still  going 
on.  Below  this  the  Gray  Porphyry,  very  much  decomposed,  was  penetrated 
to  a  depth  of  57  feet.  Almost  all  the  decomposed  iron-stained  material 
taken  from  the  shaft  would  assay  one  to  five  ounces  of  silver  to  the  ton. 
At  a  depth  of  330  feet  from  the  surface  the  porphyry  was  impregnated  for 
some  eight  feet  with  silicate  and  carbonate  of  copper;  some  red  ox;_de  and 
a  little  native  copper  were  also  found.  The  ore  pockets  found  occurring 
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above  the  Gray  Porphyry  consisted  of  remarkably  pure  white  sand  car- 
bonate, free  from  admixture  of  clay  and  showing  no  galena.  A  complete 
analysis  of  a  specimen  taken  from  this  horizon  may  be  found  in  Appendix 
B.  Those  below  the  Gray  Porphyry,  whose  connection  with  the  ore  body 
in  the  Argentine  mine  was  afterwards  traced,  consisted  of  carbonate  of  lead, 
with  iron-stained  vein  material,  and  in  some  cases,  where  the  ore  extended 
down  into  the  quartzite,  of  unaltered  galena. 

The  Adelaide  No.  2  shaft  found  no  ore  at  the  contact  of  the  White  and 
Gray  Porphyries.  It  was  sunk  through  the  lower  ore  body,  the  upper  por- 
tion of  the  Parting  Quartzite,  the  White  Porphyry  included  in  it,  and  into 
the  lower  body  of  Parting  Quartzite. 

The  Terrible  No.  2  shaft  was  sunk  through  Gray  Porphyry,  Parting 
Quartzite,  White  Porphyry,  and  Parting  Quartzite  again,  into  the  White 
Limestone.  No  ore  was  found  at  the  contact,  and  the  White  Limestone 
was  not  replaced,  as  in  the  Ward  shaft,  but  was  a  crystalline  rock  with  some 
decomposed  iron-stained  material  at  its  upper  surface,  and  with  layers  or 
lenticular  bodies  of  white  chalcedony  throughout  its  mass,  which  are  char- 
acteristic of  this  horizon. 

The  ore  occurrence  in  these  mines  is  distinguished  from  that  of  the 
majority  of  mines  in  this  district  by  a  total  absence  of  manganese,  a  small 
amount  of  iron  oxide,  a  relatively  low  tenor  in  silver,  and  a  more  frequent 
occurrence  of  gold,  some  of  the  fragments  which  occur  in  the  quartzite  being 
comparatively  rich  in  this  metal.  The  occurrence  of  copper  ore  in  the 
Gray  Porphyry  is  also  exceptional,  the  nearest  analogy  being  the  body  in 
the  Little  Johnnie  and  Uncle  Sam,  on  Breece  Hill,  ovei  looking  South  Evans 
gulch. 

Double  Decker. — On  the  north  side  of  Stray  Horse  gulch,  opposite  the 
Argentine,  are  the  two  shafts  of  the  Double  Decker  mine,  which  have 
obtained  from  the  Lower  Quartzite  a  certain  amount  of  gold  ore.  At  this 
point  all  the  overlying  strata  have  been  removed  by  erosion  and  the  Lower 
Quartzite  forms  the  rock  surface.  Both  shafts  have  been  sunk  in  this  forma- 
tion, and  one  of  them  has  passed  through  it  into  the  underlying  crystalline 
rocks  of  the  Archean.  Neither  was  being  worked  at  the  time  of  examina- 
tion, consequently  no  detailed  information  could  be  obtained,  nor  were  any 
'data  as  to  amount  or  value  of  ore  extracted  available. 


CHAPTER  III. 

CARBONATE  HILL  GROUP. 

GENERAL    STRUCTURE. 

The  geological  structure  of  Carbonate  Hill1  is  very  similar  to  that 
of  Iron  Hill  in  that  it  is  formed  by  a  series  of  easterly-dipping  beds  broken 
on  the  west  by  a  line  of  faulting  or  displacement.  Outcrops  are  also  exposed 
on  its  southern  face  by  the  erosion  of  California  gulch,  but  in  a  less  com- 
plete series,  owing  to  its  being  shallower  and  proportionately  wider,  in  con- 
sequence of  which  the  bounding  slopes  are  less  steep  and  more  thickly  cov- 
ered by  surface  debris.  The  fault  is  nearly  parallel  to  that  of  Iron  Hill, 
and,  like  it,  merges  into  the  axis  of  an  anticlinal  fold  on  the  north.  In  the 
southern  half  of  the  hill,  however,  the  movement  of  displacement  is  dis- 
tributed in  part  to  a  "second  nearly  parallel  fault  a  short  distance  to  the 
west.  Of  the  southern  continuation  of  these  faults  less  satisfactory  data  are 
available,  but  they  are  supposed  to  merge  together  before  crossing  Califor- 
nia gulch,  and  probably  pass  into  an  anticlinal  fold  under  the  Lake  beds  to 
the  southwest,  like  the  Dome  fault,  the  normal  continuation  of  the  Iron 
fault.  As  on  Iron  Hill,  there  is  also  evidence  of  a  basining-up  of  the  beds 
of  the  relatively  down-thrown  mass  on  the  west  as  they  approach  the  fault; 
in  other  words,  of  a  synclinal  structure.  Upon  this  evidence,  which  will  be 
given  later  in  full,  depends  the  solution  of  the  important  question  whether 
ore  bodies  exist  under  the  present  site  of  Leadville  or  not. 

Rock  formations. —  The  series  of  beds  of  which  the  hill  is  composed  is  essen- 
tially the  same  as  that  given  in  the  Iron  Hill  section,  but  the  distribution  of 
the  later  intrusions  of  Gray  or  Mottled  Porphyry  differs  somewhat  in  detail. 

1  See  Atlas  Sheets  XXVIII,  XXIX,  and  XXX. 
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Where  these  cross  the  beds,  either  as  dikes  or  sheets,  there  is  a  noticeable 
enrichment  of  the  ore  bodies.  One  main  sheet  of  Gray  Porphyry  is  found 
at  or  near  Ihe  base  of  the  Blue  Limestone,  which  apparently  cuts  up  to  a 
higher  horizon  in  different  portions  of  the  hill.  A  second  sheet  is  found  in 
White  Limestone  in  California  gulch,  as  shown  on  the  map ;  but  as  none 
of  the  underground  workings  has  penetrated  as  yet  to  this  depth,  there  is 
no  evidence  to  show  whether  this  is  a  distinct  sheet  or  merely  an  offshoot 
from  the  main  body. 

carbonate  fault. — The  movement  of  displacement  by  faults  on  Carbonate 
Hill  is  considerably  less  than  on  Iron  Hill,  though  its  total  amount  cannot 
be  definitely  determined.  As  in  the  case  of  the  former,  the  movement 
decreases  to  the  north  and  the  fault  gradually  passes  into  an  anticlinal  fold. 
In  the  southern  portion  of  the  area  represented  on  the  map  this  movement 
is  distributed  between  two  faults,  the  Carbonate  and  the  Pendery.  The 
Carbonate  fault  here  runs  nearly  on  the  dividing  line  between  the  Car- 
bonate and  ./Etna  claims,  cutting  across  the  extreme  southwestern  corner 
of  the  former  and  the  northeastern  corner  of  the  latter.  It  is  proved  in  the 
No.  5  shaft  of  the  ^Etna  claim,  and  in  the  Meyer  shaft,  which  has  been  sunk 
following  its  plane  till  the  contact  on  the  Avest  side  was  reached.  As  here 
shown,  it  stands  with  an  inclination  of  about  60°  west,  shallowing  somewhat 
in  depth  and  having  a  movement  of  displacement  of  only  about  two  hun- 
dred and  fifty  feet.  The  hanging  wall  has  smooth  and  clearly  defined  slick- 
ensides  surfaces,  while  the  limestone  in  the  foot  wall  is  somewhat  altered. 
The  plane  of  the  fault  is  occupied  by  selvage  material,  which  is  slightly  im- 
pregnated with  chloride  of  silver  and  contains  occasional  fragments  of  ore. 
The  plane  of  the  Carbonate  fault  has  also  been  cut  in  the  lower  shaft  of  the 
Yankee  Doodle  claim.  Beyond  that  point  to  the  northward  it  has  not 
actually  been  proved,  and  is  located  simply  by  discrepancies  of  level 
between  adjoining  underground  workings.  There  is  some  reason  to  assume 
that  to  the  northward,  in  the  Waterloo  claim,  the  movement  of  the  fault 
has  become  nil,  or  is  even  reversed,  that  is,  that  there  is  a  slight  down- 
throw to  the  east,  as  shown  in  the  Bennett-Waterloo  section,  Atlas  Sheet 
XX[X. 
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Pendery  fault. — A  short  distance  west  of  the  Glass  shaft,  a  second  fault, 
apparently  nearly  parallel  and  having  the  same  angle  of  inclination  with 
the  Carbonate  fault,  cuts  off  the  limestone,  no  explorations  west  of  this 
line  having  reached  below  the  White  Porphyry.  Its  probable  continuation 
has  been  traced  southward  to  a  connection  with  the  Carbonate  fault,  and 
northward  through  the  Washburne  and  St.  Mary  workings,  where  it  appears 
to  be  accompanied  by  minor  faults  and  folds,  into  a  probable  anticlinal  fold 
running  north  through  the  Niles-Augusta,  and  then  northwestward,  opposite 
the  Half  Way  House  claim. 

Morning  star  fault.— In  the  workings  of  the  Morning  Star  mine  a  small 
fault  is  found  (shown  in  Section  C,  Atlas  Sheet  XXIX),  in  which  the  down- 
throw is  to  the  east,  It  is  probably  only  local  in  character  and  corresponds 
to  the  sharp  bend  in  the  beds  observed  in  the  Evening  Star  and  Catalpa. 
It  was  only  observed  at  one  point,  and  is  not  therefore  indicated  on  the 
surface  maps,  as  its  direction  would  be  purely  hypothetical. 

ore  deposits. — The  materials  composing  the  ore  deposits  of  Carbonate 
Hill  are  essentially  the  same  as  those  of  Ii'on  Hill ;  they  may  perhaps  be 
said  to  be  poorer  in  bases  of  iron  and  manganese  and  proportionately  richer 
in  silica;  therefore  less  favorable  for  the  smelter;  but  this  characteristic  is 
rather  one  to  be  confined  to  individual  mines  or  parts  of  a  mine  than  applied 
in  a  general  way.  Silica  occurs  less  frequently  as  chert  and  more  com- 
monly as  a  very  finely  granular  and  somewhat  porous  quartz  rock  than  on 
either  Iron  or  Fryer  Hill.  The  ore  is  either  galena  or  its  secondary  prod- 
ducts,  carbonate  of  lead  and  chloride  of  silver.  In  one  instance  native 
silver  has  been  found.  Dechenite,  or  the  vanadate  of  lead,  has  been  detected 
in  ore  from  the  Evening  Star  and  Morning  Star  mines  by  Dr.  M.  W.  lies.' 

Exceptionally  good  opportunites  are  offered  for  observing  the  action 
of  replacement  and  the  gradual  passage  from  dolomite  into  the  earthy 
oxides  of  iron  and  manganese.  The  workings  not  yet  having  reached  the 
great  distance  from  the  surface  that  they  have  on  Iron  Hill,  no  such  definite 
evidence  is  found  of  decrease  in  the  action  of  surface  waters  producing 
oxidation  and  chlorination  of  the  original  deposits.  The  limit  of  the  zone 
of  oxidation  would,  moreover,  be  expected  to  be  farther  from  the  surface  on 
account  of  its  lower  altitude. 

'Anieriuau  Jourual  of  Science,  May,  1882. 
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southwest  slope  of  Carbonate  H:ii — The  detailed  map  of  Carbonate  Hill  (Atlas 
Sheet XXVIII),  while  including  the  principal  mines,  covers  only  the  northern 
portion  of  the  western  slopes.  For  the  geology  of  the  southern  portion, 
in  which  as  yet  no  ore  bodies  of  importance  have  been  developed,  refer- 
ence must  be  had  to  the  general  map  of  Leadville  (Atlas  Sheet  XIV),  on 
which  the  limits  of  the  detailed  map  are  indicated.  South  of  these  limits 
the  Prospect  incline,  the  Rosebud  and  Deadbroke  tunnels,  on  the  north 
side,  and  the  Jordan  and  Swamp  Angel  tunnels,  on  the  soiith  side  of  Cali- 
fornia gulch,  follow  the  upper  surface  of  the  Blue  Limestone.  While  this 
surface  shows  evidence  of  mineralization  in  the  characteristic  iron-stained 
material  generally  found  at  the  contact  and  in  the  frequent  occurrence  of 
the  so-called  Chinese  talc,  supposed  to  be  the  product  of  the  alteration  of 
the  porphyry  by  mineral  solutions,  it  has  thus  far  been  found  comparatively 
barren  of  rich  ore  bodies.  In  the  Prospect  incline,  about  three  hundred  and 
seventy-five  feet  from  the  mouth,  the  surface  of  the  limestone,  which  had 
hitherto  been  wavy,  as  it  is  generally  found,  suddenly  drops  down  almost  per- 
pendicularly for  125  feet;  60  feet  farther  on  in  the  line  of  the  incline,  how- 
ever, the  limestone  is  found  fol'ovving  its  normal  dip  to  the  eastward.  This 
is  apparently  a  very  sharp  fold  in  the  limestone,  accompanied  by  a  certain 
amount  "of  faulting.  It  is  approximately  on  the  line  with  the  sharp  fold 
which  will  be  described  hereafter  as  running  through  the  Carbonate  and 
Yankee  Doodle  mines,  but  the  accumulation  of  rich  ore,  which  in  these 
mines  is  found  above  the  fold,  is  here  wanting. 

The  only  actual  rock  exposure  in  this  region  is  that  of  the  White 
Limestone  in  the  quarry  on  the  north  side  of  California  gulch.  From  a 
prospect  hole  sunk  by  placer  miners  in  the  bed  of  California  gulch,  above 
the  flume,  casts  of  a  Rhynconella,  in  a  sandy  white  limestone,  are  obtained. 

Of  the  two  porphyry  sheets  which  are  indicated  here,  the  upper  one, 
near  the  base  of  the  Blue  Limestone,  has  been  traced  from  the  Irish  Giant 
shaft  to  the  Silver  Star,  and  from  that,  a  little  below  the  John  Harlan,  across 
the  gulch  to  the  Logan  and  Broadway  shafts,  on  the  south  side.  This  is 
evidently  the  same  sheet  which  to  the  north  occurs  near  or  at  the  base  of 
the  Blue  Limestone  and  in  the  Hehriett  and  Waterloo  claims  cuts  up  across 
it  into  the  White  Porphyry.  The  lower  sheet  of  porphyry  oscurs  in  the 
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White  Limestone  and  is  best  exposed  in  the  bed  of  California  gulch.  It 
does  not  seem  to  extend  far  up  on  Carbonate  Hill,  as  it  was  not  struck  in 
the  O'Donovan  Eossa  shaft.  Parting  Quartzite,  which  forms  the  upper  part 
of  the  Silurian  limestone,  is  here  very  coarse-grained. 

The  evidence  for  determining  the  line  of  the  Carbonate  fault  in  this 
region  is  not  very  plentiful.  A  shaft  and  drill-hole  have  been  sunk  on  the 
northern  bank  of  California  gulch,  south  of  the  Harrison  smelter,  to  a  depth 
of  200  feet  in  White  Porphyry,  and  are  thus  evidently  to  the  west  of  the 
fault.  The  Blind  Tom  shaft,  on  the  road  south  of  the  California  tunnel, 
which  was  sunk  130  feet  in  White  Porphyry,  is  also  west  of  the  fault; 
while  another  shaft,  50  feet  south  of  this,  was  sunk  in  Silurian  limestone,  and 
is  hence  east  of  the  fault.  The  California  tunnel  (T-48)  has  been  run  into 
the  hill  about  seven  hundred  feet  in  a  direction  E.  15°  S.,  or  magnetic  east. 
The  first  585  feet  it  is  in  White  Porphyry,  from  which  it  passes  suddenly  into 
the  Blue  Limestone,  across  a  clay  selvage.  This  is  supposed  to  be  the  line 
of  the  Pendery  fault,  although  the  average  dip  is  only  30°  to  the  westward, 
and  it  might  possibly  be  supposed  to  be  a  folding  of  the  limestone  down- 
ward in  that  direction.  Unfortunately,  the  bedding  planes  are  not  suffi- 
ciently distinct  at  this  point  to  determine  the  question  of  a  westerly  dip. 
There  seems  to  be  little  doubt,  from  the  extensive  slickenside  surfaces,  that, 
even  if  there  be  a  westerly  dip,  there  has  also  been  considerable  faulting 
movement.  The  tunnel  runs  for  the  rest  of  its  extent  in  Blue  Limestone,  in 
which,  toward  the  end,  the  bedding  becomes  quite  distinct  and  the  dip 
assumes  the  normal  angle  of  20°  to  the  eastward.  It  is  evident  from  its 
lower  position  relatively  to  the  outcrops  of  the  Blue  Limestone  on  the  hill 
above  that  this  is  a  continuation  to  the  south  of  the  portion  of  that  body  in 
the  _3£tna  claim  which  is  west  of  the  Carbonate  fault  and  between  it  and 
the  Pendery  fault.  The  line  of  the  Carbonate  fault  has  therefore  been 
drawn  on  the  map  according  to  this  indication.  It  was  observed  that  the 
timbers  supporting  the  roof  of  the  tunnel  from  its  mouth  to  the  limestone 
(which,  owing  to  the  soft  and  yielding  character  of  the  porphyry  through 
which  it  runs,  were  placed  exceptionally  close  together)  had  a  slight  and 
uniform  inclination  of  5°  from  the  perpendicular  to  the  west.  It  is  not  to 
be  supposed  that  they  were  originally  placed  in  this  position,  and  the  infer- 
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ence  is  therefore  justifiable  that  the  whole  mass  of  rock  above  the  tunnel 
has  had  a  slight  movement  to  the  westward  since  the  tunnel  was  run. 

The  underground  workings  of  Carbonate  Hill  may,  for  convenience  of 
description,  be  divided  into  two  groups : 

1.  A  southern,  including  the   Carbonate,  Little  Giant,  and  Yankee 
Doodle  claims,  to  the  east  of  the  main  fault,  and  the  jEtna,  Glass-Pendery, 
and  other  claims,  below  or  to  the  west  of  it. 

2.  A  northern  group,  including  the  Crescent,  Catalpa,  Evening  Star, 
Morning  Star,  Waterloo,  Henriett,  and  adjoining  claims. 

SOUTHERN    GROUP    OF   MINES. 

The  description  of  Carbonate,  like  that  of  Iron  Hill,  will  commence 
with  the  southern  end,  reversing  the  order  in  which  the  sections  are  lettered, 
because  the  claims  at  this  end  were  first  opened  and  because  the  geolog- 
ical structure  is  more  clearly  and  easily  shown  in  their  workings.  In  the 
Carbonate,  Shamrock,  Little  Giant,  and  Yankee  Doodle  claims,  east  of  the 
fault,  the  principal  developments  have  been  made  on  what  is  practically 
one  ore  body,  running  in  a  northeasterly  direction  from  its  outcrop  on  the 
Carbonate  claim.  A  noticeable  feature  of  the  structure  is  that  this  ore 
body  is  bounded  on  the  southeast  by  a  prominent  fold  in  the  limestone, 
which  bends  down  very  sharply  east  and,  rising  again,  forms  a  narrow 
trough.  This  is  clearly  shown  in  the  Carbonate  incline,  Section  I,  Atlas 
Sheet  XXX.  The  region  to  the  southeast  of  this  fold  has  thus  far  proved 
barren  of  rich  ore,  although  explorations  have  hardly  been  carried  out  to  a 
sufficient  depth  to  warrant  the  conclusion  that  another  bonanza  may  not 
exist  in  that  direction.  In  the  Yankee  Doodle  and  Little  Giant  claims  the 
ore  body  is  narrow,  but  widens  out  as  it  approaches  the  surface  in  the  Car- 
bonate ground,  with  intermediate  ban-en  streaks  which  approximately  cor- 
respond to  minor  folds  more  or  less  parallel  with  the  main  folds  above 
mentioned.  Practical  evidence  of  the  actual  replacement  of  limestone  by 
vein  material  is  extremely  common  and  well  defined  in  the  mines  of  Car- 
bonate Hill.  These,  as  will  be  shown  in  the  detailed  descriptions  of  mines 
which  follow,  are  found  in  the  sudden  deepenings  of  the  ore  bodies  on  the 
limestone  side  of  the  contact  plane,  which  by  the  miners  are  often  con- 
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founded  with  actual  waves  in  the  limestone  itself.  Careful  examination  in 
such  cases  discloses  the  fact  that  the  contact  line  is  either  not  curved  at  all 
or  only  to  a  comparatively  limited  extent,  while  the  ore  impregnation 
extends  downward  abruptly  to  a  very  considerable  depth,  sometimes  sixty 
or  seventy  feet,  into  the  body  of  the  limestone,  from  which  it  is  separated 
by  a  transition  zone,  barren  in  general  of  pay  mineral  and  consisting  of 
limestone  more  or  less  impregnated  with  oxides  of  iron  and  manganese. 

The  first  ore  discoveries  on  Carbonate  Hill  were  made  on  the  ground 
of  the  present  Carbonate  claim  in  the  vicinity  of  the  Old  incline.  The 
claim  forms  part  of  the  property  belonging  to  the  Leadville  Consolidated 
Mining  Company,  which  owns  as  well  the  adjoining  claims  of  the  Shamrock 
and  West  Shamrock,  and  also,  by  a  recent  consolidation,  the  Little  Giant. 
For  purposes  of  description  the  adjoining  claim  of  the  Yankee  Doodle  will 
be  considered  as  forming  part  of  this  group,  as  the*rvorkings  of  this  mine 
are  connected  with  the  others  and  the  ore  bodies  in  all  these  different 
claims  are  practically  continuous.  They  are  situated  on  the  western  slope 
of  Carbonate  Hill,  midway  between  its  steeper  southwestern  and  more 
gentle  northwestern  inclinations.  In  the  southern  portion  of  the  Carbonate 
claim,  as  will  be  seen  by  reference  to  the  map,  by  the  divergence  of  the 
line  of  fault  from  the  line  of  contact  of  the  upper  surface  of  the  limestone 
and  porphyry,  a  zone  of  limestone,  widening  to  the  southward,  is  exposed 
beneath  the  slide.  The  actual  position  of  the  main  fault  line  has  not  been 
traced  beyond  the  No.  5  shaft  of  the  ^Etna  mine.  Its  exact  position  to  tlve 
south  of  this  point  is  therefore  somewhat  hypothetical,  the  general  direction 
being  given  by  the  developments  of  prospect  shafts  on  the  south  slope  of 
the  hill,  beyond  the  limits  of  the  map.  The  actual  outcrop  of  the  ore  body 
•  along  the  southern  line  of  the  Carbonate  claim  is  also  somewhat  difficult  to 
define,  there  being  here  one  of  the  slight  flexures  in  the  limestone,  of  which 
mention  has  already  been  made,  whose  axis  is  at  an  angle  with  the  fault 
line,  crossing  it  somewhere  in  the  neighborhood  of  the  new  (Meyer)  shaft 
of  the  ^Etna  and  from  that  point  diverging  to  the  southward.  In  the 
workings  of  the  ^Etna  mine,  which  were  parallel  with  and  contiguous  to 
the  side  line  of  the  Carbonate,  the  ore  body  is  said  to  have  been  practically 
horizontal  on  an  east-and-west  line  for  a  short  distance,  and  even  to  have 
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had  a  slight  inclination  to  the  westward  as  it  approached  the  fault.  These 
workings,  being  now  abandoned  and  partially  filled  up,  could  not  be 
explored.  Similar  conditions  are  said  to  have  been  observed  in  the  develop- 
ment of  shaft  No.  12,  near  the  Carbonate  line,  while  in  the  Carbonate 
ground  itself,  at  the  Combination  incline,  the  outcrop  of  easterly-dipping 
beds  comes  practically  to  the  surface  at  the  mouth  of  the  incline,  and  a  drift, 
now  closed  up,  running  westward  from  the  mouth  of  the  incline,  is  said 
to  have  followed  the  ore  body  down  on  a  westerly  dip.  The^onditions  of 
this  outcrop  have  been  thus  fully  described  because  it  has  been  the  cause 
of  a  long  and  expensive  lawsuit  between  the  vEtna  and  Carbonate  mines. 
The  owners  of  the  ^Etna  claimed  that  they  had  the  outcrop  of  the  vein,  or, 
in  legal  terms,  "the  apex,"  within  their  side  lines.  The  owners  of  the  Car- 
bonate, on  the  other  hand,  maintained  that  theirs  was  the  legal  outcrop, 
inasmuch  as  the  ore  was  found  at  a  higher  level  within  their  side  lines,  and 
that  they  therefore  possessed  "the  apex"  of  the  vein,  which  is  legally 
defined  as  that  portion  which  is  nearest  the  surface.  The  rulings  of  the 
judge  were  first  favorable  to  the  construction  of  the  Carbonate,  but  were 
afterwards  reversed  when  it  was  proved  by  actual  measurement  that  ore 
was  found  within  the  JElna  claim  one  inch  higher  than  at  a  corresponding 
point  within  the  Carbonate. 

carbonate  workings. — The  southernmost  workings  on  the  Carbonate  prop- 
erty consist,  first,  of  the  West  Shamrock  incline,  which  lies  outside  the 
limits  of  the  map,  commencing  at  a  point  near  the  southeast  corner  of  the 
Carbonate  claim,  240  feet  south  of  the  side  line  of  the  map,  and  running 
parallel  with  that  side  line  160  feet,  inclining  into  the  hill  at  an  angle  of 
18°.  This  incline  has  developed  no  considerable  amount  of  ore  and  is 
interesting  only  as  showing  the  character  of  the  formations  along  the 
contact  line  at  this  point.  The  mouth  of  the  incline  is  opened  in  a  pulver- 
ulent, blue  limestone,  with  a  floor  of  chert  covered  by  a  thin  seam  of 
iron-stained  clay.  The  actual  contact  of  the  limestone  with  porphyry  is 
probably  above  the  line  of  the  incline,  which  follows  down  on  the  chert 
floor  for  some  distance,  when  it  passes  into  solid  blue  limestone,  more  or 
less  decomposed,  or  in  which  no  bedding  planes  can  be  distinguished. 
Small  seams,  from  one  foot  to  two  feet  in  thickness,  of  decomposed  por- 
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phyry  or  clay  material  are  found  traversing  the  limestone,  and  half-inch 
seams  of  iron-stained  clay  on  the  cleavage  planes.  A  shaft  has  been  sunk 
on  the  hill  above,  which  would  connect  it  with  the  end  of  the  incline, 
had  both  been  continued  a  short  distance  farther.  As  an  exploration  for 
ore,  therefore,  the  work  done  here  is  imperfect,  inasmuch  as,  although  no 
pay  ore  has  been  discovered,  it  does  not  definitely  prove  that  it  does  not' 
exist  in  the  neighborhood.  The  occurrence  of  these  bodies  of  black  chert, 
which  are  rarely  found  on  the  northern  portion  of  the  hill,  are  not  uncom- 
mon along  the  southern  slopes.  While  by  the  miners  in  many  parts  of  the 
district  they  are  considered  good  indications  of  ore,  this  empirical  test  is 
by  no  means  infallible,  although  an  evidence  of  passage  of  silicious  waters. 
One  hundred  and  fifty  feet  below  and  west  of  the  mouth  of  West  Shamrock 
incline  a  perpendicular  shaft  (T-35)  has  been  sunk  to  a  very  considerable 
depth  on  the  Irish  Giant  claim,  through  Gray  Porphyry  into  Blue  and  then 
into  White  Limestone,  without  developing  any  important  ore  bodies,  though 
an  impregnation  of  the  limestone  along  the  lower  surface  of  the  porphyry 
might  not  unreasonably  be  expected. 

The  next  opening  to  the  north  is  the  Combination  incline,  just  north  of 
the  mine  offices.  This  incline  has  an  average  angle  of  21°,  flattening  out  a 
little  in  the  upper  ten  feet.  The  limestone  comes  practically  to  the  surface 
at  the  mouth  of  the  incline,  being  covered  with  about  nine  feet  of  broken 
material  or  slide.  The  workings  of  the  incline  were  abandoned  at  the  time 
of  visit,  and  apparently  no  considerable  amount  of  ore  had  been  extracted 
from  them.  Down  to  the  first  level,  the  section  afforded  by  the  incline 
itself,  which  cuts  the  contact  between  the  limestone  and  the  porphyry,  shows 
a  wavy  outline  of  the  latter.  In  the  first  drift  north,  the  porphyry  is  con- 
siderably iron-stained  and  decomposed  above  the  limestone,  immediately 
adjoining  which  is  the  usual  parting  of  Chinese  talc.  At  24  feet  from  the 
incline  are  old  stopes,  now  filled  up,  in  which  the  formation  dips  down- 
ward to  the  north.  The  first  drift  south  cuts  through  the  crest  of  short 
waves  in  the  limestone  and  a  body  of  iron  from  six  to  eight  feet  in  thickness, 
while  in  the  face  the  porphyry  goes  down  with  a  steep  dip  to  the  east  and 
south.  Of  the  south  drift,  on  the  second  level,  the  first  20  feet  are  in  lime- 
stone, more  or  less  replaced  by  iron  oxide,  which  is  succeeded  by  porphyry. 
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The  north  drift,  on  the  second  level,  follows  in  its  curves  approximately 
the  line  of  contact  between  limestone  and  porphyry,  bending  back  to  the 
westward  nearly  under  the  end  of  the  drift  on  the  first  level,  showing  that 
a  limestone  ridge  crosses  the  incline  in  a  diagonal  or  southeast  direction 
between  the  first  and  second  levels  Below  the  second  level  the  incline 
follows  along  the  edge  of  the  northern  side  of  this  limestone  ridge  for  25 
feet,  the  north  face  of  the  incline  being  partially  in  limestone  and  clayey 
contact  material,  dipping  sharply  to  the  north,  and  the  south  face  in  solid 
limestone.  Beyond,  the  limestone  dips  down  to  the  east,  and  the  rest  of  the 
incline  is  in  porphyry,  which  is  more  or  less  iron-stained.  At  the  end  of  the 
incline  is  a  winze  sunk  40  feet  to  the  surface  of  the  limestone,  showing  a 
rapid  descent  of  the  limestone  to  the  northeast  of  the  ridge,  which  has  just 
been  passed  through,  which  is  further  evidenced  by  the  appearance  of  bed- 
ding planes  in  the  porphyry  itself,  which  incline  at  an  angle  of  45°  to  the 
northeast.  The  drift,  running  westward  from  the  mouth  of  the  Combination 
incline,  which  is  said  to  have  followed  the  contact  on  its  slope  to  the  west- 
ward, was  not  accessible  at  time  of  visit. 

The  Carbonate  Old  incline  runs  in  170  feet  at  an  angle  of  19°  and  pre- 
sumably follows  the  contact,  but  it  is  now  closed.  Solid  limestone  is  found 
eight  feet  from  its  mouth,  covered  by  iron-stained  vein  material  and  broken 
porphyry.  Between  this  and  the  mouth  of  the  Main  incline,  under  where 
the  boarding-house  now  stands,  was  the  ore  body  from  which  ore  was  first 
taken  on  this  ground.  The  drifts  are  now  filled  up  and  abandoned,  but  it 
is  evident  that  the  body  was  of  considerable  size  and  very  near  the  surface, 
lying  in  an  approximately  horizontal  position,  that  is,  near  the  crest  of  the 
fold  already  mentioned. 

Carbonate  incline. — The  principal  workings  of  the  Carbonate  mine  are 
opened  by  the  Main  or  Carbonate  incline,  which  descends  into  the  hill  fora 
distance  of  620  feet  at  an  angle  of  21°  30'  and  in  a  direction  E.  25°  S. 
It  is  one  of  the  comparatively  few  inclines  in  the  district  which  have  been 
driven  straight,  instead  of  following  the  irregularities  of  the  limestone  sur- 
face, the  only  true  system  for  an  incline  from  which  it  is  expected  to  extract 
any  considerable  quantity  of  ore,  and  one  which  is  probably  more  econom- 
ical in  the  long  run,  since,  in  spite  of  the  irregularity  of  the  limestone  sur- 
face in  limited  distances,  the  average  dip  is  tolerably  constant. 
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The  section  afforded  by  this  incline  is  extremely  interesting,  as  showing 
the  irregularities  of  the  limestone  surface  caused  by  undulations  or  slight 
flexures  in  the  formation,  and  these  are  best  seen  in  the  graphic  illustration 
afforded  on  Atlas  Sheet  XXX,  Section  I,  which  has  been  very  carefully 
constructed  from  actual  measurement.  It  will  be  seen  by  reference  to  this 
section  that  the  original  surface  of  the  limestone  presents  a  general  wavy 
outline  with  one  prominent  fold,  which,  contrary  to  the  general  rule  preva- 
lent in  the  major  flexures  in  the  region,  has  its  steeper  side  to  the  east. 
The  deciphering  and  reconstruction  of  the  original  folds  in  the  formation  is 
a  matter  of  some  little  delicacy,  since  the  ore  currents  have  eaten  irregu- 
larly into  the  mass  of  the  limestone,  and  the  porphyry  itself  is  also  some- 
what altered  and  mineralized.  It  is  evident,  however,  that  the  dividing  line 
between  ore  and  limestone  is  one  which  must  be  entirely  rejected  for  this 
purpose.  The  parting  between  ore  and  porphyry,  on  the  other  hand,  in 
spite  of  occasional  incursions  of  ore  material  into  the  mass  of  the  porphyry, 
is  practically  much  more  definite,  and  is  that  which  has  been  used  in  deter- 
mining the  points  in  the  original  surface  of  contact.  One  prominent  fact  to 
be  observed  in  this  section,  and  one  which  seems  capable  of  a  certain 
amount  of  generalization,  is  that  the  main  rich  ore  body  is  found  adjoining 
the  crest  of  the  prominent  wave  or  fold  in  the  limestone.  It  would  seem 
that  along  the  line  of  this  sharp  fold,  which  may  very  possibly  have  been 
accompanied  by  a  slight  displacement,  there  was  an  interruption  in  the  ore 
currents,  as  is  further  evidenced  by  the  fact  that  beyond  the  fold  on  the 
east  side  for  a  very  considerable  distance,  indeed,  to  the  extent  of  the 
present  developments,  there  has  been  no  considerable  deposition  of  pay  ore, 
the  mineralized  zone  consisting  of  a  most  irregular  replacement  of  the  lime- 
stone by  what  is  known  to  the  miners  as  black  iron,  a  mixture  of  oxide  of 
manganese  with  clayey  material,  which  passes  by  almost  imperceptible 
transition  into  coarsely-crystalline  black  limestone.  In  this  lower  part  of 
the  incline  is  one  of  the  most  striking  evidences  of  the  fact  that  the  ore 
deposit  is  an  actual  replacement  of  a  limestone  in  place,  the  walls  of  the 
incline  showing  the  clayey,  ferro-manganiferous  material  penetrating  irreg- 
ularly into  the  limestone,  now  in  thin,  sheet-like  bodies,  following  a  cleav- 
age or  fracture  plane  and  terminating  in  a  point,  and  now  replacing  the 
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whole  mass  for  a  distance  of  many  feet.  The  line  between  the  unaltered 
and  replaced  limestone  has  been  accurately  followed  foot  by  foot,  and  a 
portion  of  the  north  wall  of  the  incline  is  represented  on  a  larger  scale  in 
Plate  XXII,  Fig.  3. 

As  well  as  can  be  seen  through  the  timbers  of  the  incline,  its  upper 
portion  is  practically  in  the  porphyry  and  the  limestone  does  not  actually 
outcrop.  Very  probably  this  is  the  crest  of  a  slight  roll,  and  it  is  prac- 
tically level  at  this  point  or  may  possibly  have  a  very  slight  western  inclina- 
tion. The  first  limestone  actually  seen  in  place  is  about  sixty  feet  from 
the  surface,  just  above  a  drift  which  crosses  under  the  floor  of  the  incline. 
It  is  evident,  however,  that  the  limestone  rises  somewhat  to  the  south,  since 
it  is  said  to  have  been  found  at  six  feet  from  the  surface  under  the  boarding- 
house.  From  this  point  downwards  to  the  second  level  the  incline  is  run 
practically  in  contact  material  or  in  decomposed  iron-stained  porphyry. 

In  the  second  level  south,  about  fifty  feet  from  the  incline,  a  limestone 
floor  is  found  rising  rapidly  to  the  eastward. 

In  the  third  level  ore  was  found  below  the  level  of  the  incline,  evi- 
dently in  a  depression  of  the  contact  line,  but  the  workings  are  now  closed. 

The  fourth  level  south,  which  is  still  open,  runs  at  first  in  porphyry,  a 
cross-cut  to  the  left  or  eastward  cutting  the  underlying  limestone  at  a  dis- 
tance of  16  feet.  This  marks  the  point  where  the  limestone  rises,  to  wards 
the  crest  of  the  fold,  shown  on  the  incline  section.  While  in  this  section 
the  crest  is  comparatively  narrow,  it  apparently  widens  out  to  the  south  in 
a  broad,  dome-shaped  elevation.  At  aboirt  forty  feet  from  the  incline  the 
fourth  level  cuts  through  a  body  of  hard,  compact  iron,  resting  upon  the 
limestone,  and  then  bending  to  the  eastward  passes  into  the  solid  limestone. 
At  a  distance  of  one  hundred  and  twenty -five  or  one  hundred  and  thirty  feet 
from  the  incline  a  streak  of  clayey  matter  was  cut,  carrying  a  little  ore  and 
running  off  to  the  southward,  evidently  a  replacement  body  which  followed  a 
cleavage  or  fracture  plane  in  the  limestone.  The  drift  then  passes  again 
into  solid  limestone,  bending  off  to  the  south  at  its  extremity,  where  it 
passes  into  porphyry,  the  limestone  dipping  sharply  to  the  eastward  at  the 
bend.  As  will  be  seen  by  reference  to  the  map,  the  drift  at  this  point  is 
nearly  over  the  extremity  of  the  south  drift  on  the  eighth  level. 
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The  fifth  level  south  has  only  been  driven  about  fifteen  feet,  being  in 
the  limestone,  which  extends  at  least  that  distance  above  its  floor. 

The  sixth  level  south  follows  in  its  windings  the  contact  of  porphyry 
and  limestone,  which  here  dips  steeply  to  the  east  and  thus  defines  the  eastern 
edge  of  the  fold.  The  contact  material  consists  of  a  thin  streak  of  man- 
ganiferous  clay  and  Chinese  talc.  At  30  feet  from  the  end  of  this  drift  is 
an  upraise  on  the  right,  30  feet  in  height,  following  the  almost  perpendicular 
surface  of  the  limestone,  from  the  top  of  which  a  prospecting  drift  has  been 
run  out  and  is  said  to  have  been  nearly  connected  with  the  drift  on  the 
fourth  level ;  the  drift  beyond  this  point  is  in  the  body  of  the  limestone. 

On  the  seventh  level  no  drift  has  been  run  to  the  southward,  the  incline 
being  here  entirely  in  porphyry. 

The  south  drift  on  the  eighth  level  has  a  general  southwest  course  and 
is  cut  in  a  decomposed  material  which  seems  to  result  from  the  decomposi- 
tion of  the  overlying  porphyry  and  of  the  thin  bed  of  quartzite  which  is  fre- 
quently found  between  the  porphyry  and  the  limestone.  It  is  a  reddish 
clayey  mass,  having  a  gritty  feel  and  containing  fragments  both  of  black 
chert  and  of  quartzite.  Within  about  twenty  feet  of  the  point  where  the  drift 
forks  the  clay  rises  suddenly  to  the  roof  and  the  drift  passes  into  a  light- 
blue  decomposed  limestone  of  the  pulverulent  type,  so  common  in  the  dis- 
trict, which  crumbles  between  the  fingers.  The  further  continuations  of 
these  drifts  are  entirely  in  a  body  of  fine-grained  limestone  of  earthy  text- 
ure, as  distinguished  from  the  crystalline,  granular  dolomite  which  is  most 
frequently  found.  In  the  left-hand  drift  is  a  stope  one  set  high  and  in  the 
right-hand  drift  there  is  a  large  chamber  from  ten  to  fifteen  feet  in  height 
and  breadth  and  some  twenty  or  thirty  feet  long,  from  which  limestone  has 
been  quarried  to  be  sold  to  the  smelters  as  flux. 

The  south  drift  on  the  ninth  level  follows  in  its  curves  the  contact 
between  limestone  and  porphyry,  having  some  black  chert  in  the  floor. 

Of  the  workings  on  the  north  of  the  Carbonate  incline  those  on  the 
first  and  second  levels  are  now  mostly  inaccessible.  As  well  as  can  be 
ascertained,  a  thin  sheet  of  ore  extended  from  the  incline,  somewhat  inter- 
mittently interrupted,  as  a  rule,  by  limestone  rising  to  the  contact  with  the 
porphyry,  whether  caused  by  simple  undulations  in  the  limestone  itself  or 
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by  narrowings  of  the  ore  body  cannot  be  determined.  Pay  ore  was  mostly 
in  the  form  of  sand  carbonates,  slightly  impregnated  with  iron  oxides,  and 
in  comparatively  thin  sheets,  having  a  maximum  thickness  of  about  two  or 
three  feet.  Connection  was  made  from  the  second  level  to  the  end  of  the 
JEtna  incline,  to  prevent  the  owners  of  the  latter  mine  from  following  their 
ore  shoot  farther  into  the  Carbonate  ground,  but  is  now  closed  up.  Between 
the  second  level  and  the  third  and  fourth  is  a  large  piece  of  comparatively 
barren  ground,  as  indicated  by  the  outlines  of  the  ore  body  given  on  the 
map.  These  outlines,  it  must  be  borne  in  mind,  are,  from  the  necessity  of 
the  case,  considerably  generalized,  it  being  impracticable  to  obtain  accu- 
rate data  with  regard  to  their  definite  limits  in  the  present  abandoned  con- 
dition of  the  workings. 

One  of  the  richest  ore  bodies  in  the  mine  was  found  immediately  adjoin- 
ing the  incline  on  the  north,  between  the  third  and  fifth  levels,  occupying  a 
slight  depression  immediately  adjoining  the  crest  of  the  main  fold  in  the 
limestone.  This  ore  body  was  in  places  two  sets  high  (some  fifteen  feet 
thick),  gradually  thinning  as  it  approached  the  crest  of  the  fold,  and  to  the 
northeastward  spreading  out  in  a  thin  and  comparatively  continuous  sheet 
of  sand  carbonates.  In  the  drift  on  the  fourth  level  north,  a  body  of  unal- 
tered limestone  rises  up  in  the  floor,  cutting  off  the  ore  about  twenty  feet 
from  the  incline;  beyond  this  point  ore  is  only  found  in  detached  bodies  to 
the  west  of  the  drift,  while  to  the  east  it  extends  in  practically  continuous 
sheets  to  the  lower  levels,  gradually  taking  a  steep  easterly  dip.  The  north- 
ern extension  of  the  drift,  after  passing  through  a  considerable  stretch  of  bar- 
ren contact,  cuts  several  small,  unimportant  ore  bodies,  which  form  a  con- 
tinuation of  those  developed  in  the  lower  levels,  and  at  its  extremity  was 
being  run  at  the  time  of  visit  in  solid  limestone. 

The  fifth  level  is  cut  for  a  short  distance  from  the  incline  in  the  lime- 
stone of  the  fold,  then  passes  through  the  clay  contact,  showing  consider- 
able slickensides.  The  contact  here  is  somewhat  typical,  showing  first  a 
blackening  of  the  limestone  by  a  certain  amount  of  impregnation  by  man- 
ganese and  iron  oxides;  above  this,  iron-stained  clayey  matter,  containing 
the  usual  development  of  Chinese  talc;  and  still  above,  a  thin  irregular  body 
of  quartzite  (Weber  Shales),  followed  by  normal  White  Porphyry.  The 
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slickensides  indicate  a  certain  amount  of  movement  or  displacement  along 
the  steep  eastern  face  of  the  ridge  or  fold.  At  about  one  hundred  feet  from 
the  incline  the  drift  bends  under  that  of  the  next  level  above,  and  from  here 
on  follows  in  its  sinuosities  the  line  of  contact,  which  has  a  steep  dip  to  the 
eastward.  From  the  point  where  the  ore  is  struck  in  this  drift  almost  to  its 
northern  extremity,  the  ore  extends  eastward  to  the  two  next  lower  levels  and 
into  the  ground  of  the  Little  Giant  claim,  in  a  practically  continuous  body 
of  iron-stained  sand  carbonates,  generally  one  foot  to  two  feet  in  thickness, 
only  interrupted  here  and  there  by  ridges  of  undecomposed  limestone,  reach- 
ing up  to  the  porphyry  contact.  This  ore  sheet  has  a  steep  dip  to  the  east- 
ward, say  on  an  average  from  25°  to  30°,  and  evidently  stands  on  the  east- 
ern slope  of  the  fold ;  it  would  seem,  therefore,  that  the  dome-shaped  uplift 
in  the  limestone  body  between  the  fourth  and  sixth  levels  south  of  the  incline 
has  narrowed  into  a  sharp  ridge  in  the  incline  itself,  and  that  it  has  then 
become  a  monoclinal  fold  to  the  north,  the  ore  body  extending  over  the 
line  of  its  crest  and  partly  down  its  eastern  slope  into  the  trough. 

The  sixth  level  north  is  run  for  fifty  feet  on  a  barren  contact,  following 
the  curve  of  the  limestone  ridge,  then  passes  into  an  ore  body  extending 
right  and  left  with  a  steep  dip  to  the  eastward,  while  the  end  of  the  drift 
bends  sharply  to  the  eastward  and  runs  into  the  overlying  body,  in  which 
the  eastward  dip  is  shown  in  the  rude  bedding  planes. 

The  seventh  level  north  for  the  first  hundred  feet  is  run  in  White 
Porphyry,  more  or  less  iron-stained  or  decomposed  and  probably  some 
distance  above  the  contact;  limestone  then  comes  up  into  the  floor,  covered 
by  a  streak  of  black  iron  and  white  Chinese  talc  a  foot  in  thickness.  Imme- 
diately beyond,  a  body  of  ore  three  sets  high  has  been  stoped  out,  which 
evidently  represents  the  ridge  of  limestone,  now  entirely  replaced  by  ore. 
This  ore  ridge  at  its  maximum  height  is  only  about  twenty  feet  in  width, 
having  a  roof  of  breccia  material  consisting  of  fragments  of  black  chert 
and  quartzite  in  a  matrix  of  clay  and  decomposed  porphyry.  The  limit  of 
the  pay-ore  body  is  found  at  a  comparatively  short  distance  east  of  this 
drift,  the  developments  on  the  eighth  level  showing  only  a  barren  contact. 

The  north  drift  on  the  eighth  level  follows  in  its  right  fork  the  eastern 
boundary  of  the  trough  east  of  the  ridge,  and  is  cut  in  a  yellow  ocherous 
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material,  which  occasionally  passes  into  limestone,  the  roof  being  White 
Porphyry.  The  left-hand  or  west  fork  in  the  first  half  of  its  course  is  cut 
in  White  Porphyry  and  then  passes  into  a  decomposed,  light-colored,  and 
iron-stained  limestone,  which  rises  to  the  west.  The  drift,  after  arise  of  15 
feet  over  a  ridge  of  dark  hard  limestone,  passes  into  soft  clayey  material,  and 
then  bending  to  the  northward  passes  through  two  or  three  feet  of  quartz- 
ite  into  a  body  of  Gray  or  Mottled  Porphyry,  in  which  it  stops.  This  is 
the  only  point  in  which  the  Gray  Porphyry  has  been  discovered  in  this 
mine.  No  definite  idea,  therefore,  can  be  formed  as  to  the  shape  or  origin  of 
the  body.  It  may  be  interesting  to  note  in  this  connection,  however,  that 
farther  in  the  hill,  as  shown  by  the  developments  of  the  Modoc  shaft,  there 
are  several  bodies  of  this  Mottled  Porphyry  intercalated  between  the  differ- 
ent beds  of  limestone.  From  this  level,  immediately  adjoining  the  Main, 
incline,  an  incline  drift,  following  the  contact,  has  been  run  westward  to  a 
point  immediately  under  the  fifth  level.  It  is  now  mostly  filled  up,  and  is 
mainly  interesting  as  proving  the  existence  of  the  deep  trough  shown  in  the 
section. 

From  the  eighth  to  the  ninth  level,  a  distance  of  over  one  hundred  and 
twenty  feet,  no  pay  ore  is  found ;  but,  as  has  already  been  mentioned,  most 
interesting  proof  is  afforded  of  the  fact  that  the  ore  bodies  are  simply 
replacements  of  the  limestone.  The  replaced  material  is  largely  a  blackr 
clayey  matter,  more  or  less  iron-stained  and  in  some  cases  passing  into  a 
red  plastic  clay,  which  would  seem  to  have  infiltrated  into  the  mass  from 
the  porphyry  above,  while  the  limestone  immediately  adjoining  this  is  itself 
more  or  less  discolored  by  black  oxide  of  manganese.  A  short  distance 
below  the  intersection  of  the  ninth  level,  which  is  in  solid  blue  limestone, 
the  limestone,  with  its  contact  seam  of  Chinese  talc,  dips  steeply  down  to 
the  eastward  and  the  incline  passes  into  porphyry.  Just  at  the  point  where 
the  limestone  bends  downward,  a  small  ore  body  was  discovered  immedi- 
ately over  the  roof  of  the  incline. 

Little  Giant. — The  workings  of  the  Little  Giant  mine  are  practically  an 
extension  of  those  of  the  Carbonate  along  the  continuation  of  the  main 
ore  sheet,  where  it  has  its  steep  dip  to  the  eastward  between  the  fourth  and 
seventh  levels.  It  is  opened  by  a  shaft  234  feet  deep  and  is  also  connected 
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by  narrow  sinuous  drifts  with  the  fifth  level  of  the  Carbonate.  The  ore  is 
iron-stained  sand  carbonates,  occurring,  as  a  rule,  in  thicker  bodies  than  in 
the  Carbonate  claim  and  being  rather  more  irregular  in  shape.  The  work- 
ings consist  of  a  main  incline,  now  being  driven  a  little  south  of  east  from  the 
bottom  of  the  shaft,  and  of  an  incline  running  nearly  due  east  at  an  angle 
of  26°,  from  which  levels  have  been  run  off  at  intervals  of  about  fifty  feet. 
The  richest  ore  bodies  have  been  found  immediately  adjoining  the  Car- 
bonate claim  on  one  side  and  that  of  the  Yankee  Doodle  on  the  other. 
The  larger  portion  of  the  ground  included  in  the  Little  Giant  claim,  which 
lies  to  the  southwest  of  the  Shamrock,  has  not  been  prospected  at  all,  be- 
cause it  has  been  considered  beyond  the  southeastern  limit  of  the  pay  ore 
streak,  as  indicated  on  the  map.  The  ground  is  probably  barren. 

Yankee  Doodle. — The  Yankeo  Doodle  mine,  east  of  the  Carbonate  fault,  is 
opened  by  two  independent  shafts,  not  yet  connected  underground,  and  the 
present  developments  are  confined  to  the  workings  from  the  upper  shaft. 
The  ore  found  here  is  a  northeastern  continuation  of  the  Carbonate  body. 
The  upper  shaft  of  the  Yankee  Doodle  is  303  feet  deep,  the  first  station 
being  at  a  depth  of  296  feet  from  the  surface.  Limestone  is  said  to  have 
been  struck  in  this  shaft  at  230  feet.  The  main  drift,  running  eastward 
from  the  station,  is  cut  in  solid  black  crystalline  limestone,  showing  some 
replacement  action;  but  no  pay  ore  is  found  until  the  first  cross-drift  is 
reached,  at  a  distance  of  1 70  feet  from  the  shaft.1  Twenty-five  feet  beyond 
this  first  drift  is  a  winze  30  feet  deep,  which  goes  down  at  an  angle  of  70° 
to  the  eastward,  following  a  sudden  bend  in  the  limestone,  which  is  evi- 
dently the  same  that  has  been  traced  through  the  Carbonate  and  Little  Giant 
claims,  though  having  a  steeper  angle.  Some  ore  has  been  found  beyond 
the  bend  on  either  side  of  the  main  drift,  but  none  as  yet  below  the  winze. 
The  principal  ore  developments  have  occurred  along  the  boundary  line 
between  this  claim  and  the  Little  Giant,  where  an  incline  is  being  sunk  at 
an  angle  of  30°.  Considerable  ore  was  found  extending  upwards  along  the 
surface  of  the  lim'estone  near  the  boundary  line.  These  developments  show 
a  somewhat  discontinuous  body  of  pay  ore,  consisting  of  sand  carbonates 

'By  an  oversight  in  the  correction  of  proof  the  section  (Section  GG,  Atlas  Sheet  XXX)  shows 
White  Porphyry,  instead  of  vein  material,  below  this  drift  from  this  point  to  the  winze. 
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with  a  small  proportion  of  unaltered  galena.  The  ore  sheet  which  extends 
from  the  Carbonate  into  this  ground  seems  to  be  growing  narrower  and  less 
continuous  and  may  disappear  entirely  to  the  northeast.  It  is  as  yet,  how- 
ever, not  safe  to  assume  this  as  a  fact,  for  the  ground  in  the  Yankee  Doodle 
claim  has  not  yet  been  thoroughly  and  systematically  prospeqted ;  more- 
over, the  shaft  sunk  on  the  Excelsior  claim,  which  is  nearly  in  the  line  of 
the  probable  continuation  of  this  ore  body,  is  said  to  have  cut  a  large  body 
of  vein  material,  which,  though  not  rich,  is  an  evidence  of  mineralizing 
action. 

From  the  middle  shaft  of  the  Yankee  Doodle,  which  is  about  one 
hundred  feet  in  depth,  considerable  ground  has  been  explored  by  an  incline, 
from  which  two  sets  of  levels  have  been  run  off  Both  incline  and  levels 
are  very  irregular,  following  the  varying  inclination  of  the  contact  between 
limestone  and  porphyry. 

From  the  end  of  the  first  level  north  a  winze  was  sunk,  apparently  in 
a  considerable  body  of  vein  material,  in  a  sudden  steepening  of  the  lime- 
stone. As  it  will  be  seen  by  reference  to  the  map  and  sections  that  this 
point  is  on  a  line  with  a  similar  sharp  bend  in  the  limestone,  at  the  southern 
extremity  of  the  drift  on  the  sixth  level  of  the  Crescent  urine,  where  indica- 
tions of  a  body  of  rich  ore  are  found,  it  would  seem  advisable  to  have 
pushed  explorations  farther  at  this  point,  with  the  prospect  of  developing 
one  of  the  smaller  bodies  of  ore,  such  as  are  found  to  the  west  of  the  main 
Carbonate  body,  between  it  and  the  JEtna  line.  The  south  drift  on  this 
level  follows  a  barren  contact  of  the  usual  character,  viz,  showing  black- 
ened decomposed  limestone,  with  the  usual  parting  of  Chinese  talc  sep- 
arating it  from  the  iron-stained  porphyry  above,  which  contains  fragments 
of  black  chert  and  quartzite. 

On  the  second  level  some  thin  seams  of  sand  carbonate  are  found  to 
the  north  of  the  incline,  aiid  at  the  southern  extremity  a  considerable  body 
of  this  ore  has  been  stoped  out.  This  also  is  evidently  worth}-  of  further 
exploration.  It  thus  appears  that  the  apparently  barren  zone  between  the 
two  rich  ore  bodies  or  bonanzas  of  Carbonate  Hill  is  only  a  region  where 
the  ore  is  less  continuous  than  in  the  bonanzas  themselves,  and  that  several 
small  ore  bodies  have  been  found  there,  and  probably  by  a  systematic 
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exploration  of  the  ground  many  others  might  be  found,  especially  if  the 
search  were  not  confined  to  the  contact  surface  alone,  but  were  also  ex- 
tended where  indications  of  mineralized  jointing  planes  seem  to  warrant  it, 
into  the  body  of  the  limestone  below. 

Area  on  top  of  hiii. — In  the  area  to  the  east  of  the  claims  of  the  southern 
group,  on  the  top  of  Carbonate  Hill,  several  prospecting  shafts  have  been 
sunk  in  the  White  Porphyry,  notably  the  Excelsior,  William  Wallace  (300 
feet),  Tip  Top  (297  feet),  Little  Nell  (440  feet),  Thespian  (400  feet),  and 
the  Modoc  (600  feet).  Of  these,  only  the  Excelsior  and  Modoc  have  reached 
the  Blue  Limestone.  Neither  was  accessible  at  time  of  visit.  The  Excel- 
sior is  said  to  have  found  a  heavy  body  of  iron-stained  vein  material,  but 
not  sufficient  pay  ore  to  encourage  further  developments.  The  Modoc  shaft 
had  filled  with  water  while  awaiting  better  pumping  machinery,  but  from 
data  obtained  from  miners  and  from  evidence  afforded  by  the  dump  it 
appears  that  contact  with  a  certain  amount  of  vein  material  was  struck  at 
about  five  hundred  feet.  In  the  little  drifting  that  was  done  no  rich  ore 
was  found.  The  shaft  was  sunk  100  feet  farther,  passing  through  the  Blue 
Limestone  and  two  intrusive  sheets  of  Gray  Porphyry  included  within  it, 
as  ideally  shown  in  Section  I,  Atlas  Sheet  XXX.  It  would  thus  appear 
that  the  sheet  of  Gray  Porphyry,  which  on  Iron  Hill  occurs  near  the  base 
of  the  Blue  Limestone,  is  here  either  cutting  across  this  formation  to  a 
higher  horizon  or  sending  off  offshoots,  such  as  are  found  in  some  of  the 
Iron  Hill  workings. 

Area  west  of  Carbonate  fault. — In  the  .ZEtna  and  Glass-Pendery  claims,  which, 
with  the  exception  of  a  small  corner  of  the  former,  lie  west  of  the  Carbon- 
a'te  fault,  little  pay  ore  has  been  found  on  the  contact ;  but  the  main  ore 
bodies  occur  within  the  mass  of  the  limestone,  extending  to  a  depth  of  fifty 
feet  or  sixty  feet  below  its  surface. 

Ore  was  first  discovered  in  a  nearly  vertical  body,  crossing  the  lower 
part  of  Glass  No.  2  shaft  in  a  southeast  direction.  The  development  of 
this  body  led  to  the  discovery  of  other  larger  and  more  irregularly-shaped 
bodies  extending  beyond  the  jEtna  line.  These  were  worked  by  the  Glass- 
Pendery  owners,  and  much  ore  was  taken  from  the  JEtna  ground  before 
the  owners  of  the  latter  were  aware  of  its  existence.  It  was  on  account  of 
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the  litigation  arising  from  the  claim  of  damages  by  the  2Etna  mine  that 
admission  to  the  Glass-Pendery  mine  was  for  a  long  time  utterly  refused, 
only  a  single  hasty  visit  being  finally  conceded  for  the  purposes  of  this 
work.  This  refusal  was  particularly  unfortunate,  as  the  information  to  be 
obtained  here  has  a  most  direct  bearing  on  the  question  of  the  existence  of 
ore  further  west  under  the  city  of  Leadville.  The  existence  of  the  Pendery 
fault,  on  which  an  incline  is  sunk  100  feet  below  the  main  level,  was,  how- 
ever, ascertained  beyond  a  doubt,  with  the  strong  probability  of  a  slight 
western  dip  in  the  limestone  adjoining  the  Pendery  fault.  (See  Sections 
H  and  I,  Atlas  Sheet  XXX.)  Had  the  incline  on  the  Pendery  fault  been 
continued,  there  seems  to  be  little  doubt  that  the  limestone  would  have 
been  struck  in  it  at  no  very  great  depth,  and  definite  data  could  thus  have 
been  obtained  in  regard  to  the  ore  horizon  under  Leadville. 

The  ore  body  which  passes  through  the  Glass  shaft  seems  to  have  been 
a  fracture  or  fissure  in  the  limestone,  partly  filled  with  White  Porphyry 
from  the  main  sheet  above.  A  section  of  it  where  it  crosses  a  drift  north- 
west of  the  shaft  is  given  in  Fig.  2,  Plate  XXII,  in  which  it  is  seen  that 
replacement  action  has  followed  the  walls  of  the  fissure  on  either  side  of 
the  porphyry,  the  rich  ore  being  confined,  however,  to  the  hanging  wall. 

In  the  ^tna  ground  a  small  body  of  Gray  Porphyry  is  found  in  the 
drift  just  west  of  the  main  shaft.  To  the  southeast  of  this  shaft  the  lime- 
stone is  singularly  bleached  and  disintegrated,  but  no  ore  is  found.  The 
main  large  ore  chambers  occur  north  of  this  shaft,  not  far  from  the  Pendery 
line.  They  extend  up  in  places  nearly,  if  not  quite,  to  the  contact  plane, 
and  are  wedge-shaped  or  tapering  toward  the  bottom.  The  ore  in  these 
claims  is  said  to  have  contained  little  or  no  lead. 

The  Meyer  shaft  was  sunk  50  feet  perpendicularly  to  the  fault,  then 
followed  the  fault  plane  to  the  contact,  from  which  point  a  drift  was  driven 
to  meet  these  large  chambers.  The  fault  plane,  like  that  of  the  Iron  fault, 
was  found  to  contain  a  certain  amount  of  pay  ore,  mixed  with  attrition  or 
selvage  material,  but  none  was  found  outside  its  walls  in  the  limestone. 
The  fissure  is  quite  regular  in  its  inclination,  which  shallows  somewhat  in 
depth,  and  is  from  one  foot  to  three  feet  in  width  The  evidence  here,  as 
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in  the  Iron  fault,  shows  that  the  original  ore  deposition  was  prior  to  the 
faulting,  and  that  whatever  ore  is  found  on  its  plane  was  brought  there 
mechanically  or  is  the  result  of  secondary  deposition. 

North  of  the  Pendery  and  yEtna  workings  it  was  difficult  to  obtain 
accurate  information  in  regard  to  the  underground  structure  of  the  lower 
slopes  of  the  hill,  west  of  Carbonate  fault.  Many  prospecting  shafts  have 
been  sunk,  a  few  of  which  penetrated  the  porphyry  to  the  underlying  lime- 
stone, but  they  had  mostly  been  abandoned.  The  St.  Mary's  was  the  only 
one  which  was  accessible.  From  information  obtained  in  this  and  by  dili- 
gent questioning  of  persons  who  had  visited  the  others,  it  appears  that  the 
limestone  in  this  region  probably  falls  off  to  the  west  in  a  series  of  irregular 
steps  or  benches,  which  may  be  actual  faults  or  sharp  flexures.  The  result 
is  a  probable  dip  to  the  westward,  as  indicated  in  a  generalized  form  in 
Sections  F  and  G,  the  only  break  or  fold  which  could  be  actually  located 
being  that  assumed  as  the  northern  continuation  of  the  Pendery  fault  and 
which  was  actually  seen  in  the  St.  Mary's  workings.  This  fault  is  supposed 
to  pass  into  an  anticlinal  fold  in  the  northern  half  of  the  area  mapped,  as 
will  be  explained  below. 

In  the  lower  part  of  the  Yankee  Doodle  claim  are  several  old  prospect- 
ing shafts,  now  abandoned.  That  marked  on  the  map  as  the  lower  shaft  is 
said  to  have  found  limestone  and  ore  at  about  fifteen  feet,  which  was  cut  off 
to  the  westward  by  a  sudden  break.  The  break  was  followed  by  an  incline 
seventy-five  to  one  hundred  feet  farther,  and  work  was  then  discontinued. 
This  break  is  evidently  the  continuation  of  the  Carbonate  fault. 

NORTHERN    GROUP   OF    MINES. 

In  the  northern  half  of  the  area  shown  on  the  Carbonate  Hill  map, 
another  ore  body  parallel  with  that  already  described,  but  of  much  greater 
dimensions,  has  been  developed  east  of  the  line  of  Carbonate  fault,  and  a 
smaller,  but  very  rich  body,  in  somewhat  peculiar  relations,  to  the  west  of 
this  line. 

The  first  of  these  bodies  extends  northeastward  from  its  outcrop  in 
the  Crescent  claim  through  the  Catalpa,  Evening  Star,  Morning  Star,  and 
Waterloo  claims,  and  probably  beyond  these  into  the  ground  of  the  Maid 
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of  Erin  and  Brookland  claims.  It  obtains  its  maximum  breadth  of  about 
two  hundred  feet  and  a  thickness  of  pay  ore  of  over  fifty  feet  in  the  Even- 
ing Star  ground,  vein  material  having  here  replaced  apparently  the  entire 
thickness  of  the  Blue  Limestone,  which,  as  a  result  of  this  action,  has 
shrunk  to  about  one  hundred  feet.  As  in  the  Carbonate  body,  there  is  a 
noticeable  steepening  in  the  dip  of  the  formation  beyond  the  eastern  limits 
of  the  ore  current,  but  the  amount  of  replacement  by  oxidized  material  has 
been  so  great  that  the  minor  waves  in  the  limestone  are  difficult  to  trace. 

It  were  too  long  to  enter  into  a  detailed  description  of  the  workings 
in  each  mine,  as  has  been  done  in  the  case  of  the  Carbonate ;  and,  since  the 
map  and  sections  represent,  so  far  as  their  scale  permits,  the  results  of  thor- 
ough examination  of  every  drift,  only  the  salient  points  and  general  features 
will  be  mentioned  in  what  follows. 

Crescent  mine. — The  Crescent,  like  the  Carbonate  mine,  is  worked  through 
a  long  incline,  following  the  dip  of  the  stratification.  In  this  case,  how- 
ever, the  angle  of  the  incline  varies  from  point  to  point  in  an  attempt  to 
keep  on  the  contact;  but,  owing  to  the  irregularities  of  the  limestone  surface, 
it  runs,  like  the  former,  now  into  the  limestone  foot-wall  and  again  into  the 
porphyry  above.  Its  average  angle  is  at  first  12°  to  13°,  but  50  feet  beyond 
the  No.  3  shaft  it  becomes  20°  to  25°,  continuing  on  this  average  slope 
to  a  distance  of  800  feet  from  the  mouth.  For  the  first  80  feet  it  runs  in 
Wash,  composed  of  clayey  gravel  inclosing  rounded  bowlders  of  Sacra- 
mento Porphyry  ;  above  the  contact  are  four  feet  of  quartzite,  supposed  to 
belong  to  the  Weber  Shale  horizon.  This  quartzite  is  very  generally  found 
below  the  porphyry  in  this  and  the  adjoining  mines  to  the  north.  It  is 
ordinarily  very  thin  and  difficult  to  distinguish  from  the  porous  quartz 
which  frequently  constitutes  the  gangue  or  vein  material.  As  in  the  Car- 
bonate mine,  the  dip  of  the  limestone  is  very  shallow  near  the  surface,  and 
it  is  possible  that  it  forms  here  as  there  the  crest  of  a  fold,  but  the  explora- 
tions in  this  region  were  unfortunately  too  few  to  afford  definite  data  on  this 
point. 

The  main  ore  body  is  developed  between  the  first  and  fourth  levels 
and  extends  from  the  incline  in  a  northeasterly  direction  to  the  Catalpa 
line.  South  of  the  incline,  it  was  found  only  on  the  first  level,  extending 
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beyond  the  No.  1  or  Blacksmith  shaft,  where  the  limestone  is  rising  rapidly 
to  the  surface.  It  was  generally  found  as  a  thin  and  somewhat  irregular 
sheet  of  sand  carbonate,  averaging  perhaps  a  foot  in  thickness.  Toward 
the  Catalpa  line  on  the  fourth  level  it  thickened  to  two  and  a  half  feet  and 
carried  100  to  500  ounces  of  silver  to  the  ton.  Between  the  upper  part  or 
southwestern  end  of  the  body  and  the  Catalpa  line  is  an  area  which  has 
proved  barren  of  pay  ore,  so  far  as  explored,  though  vein  material  is  prac- 
tically continuous  through  it,  carrying  always  a  certain  amount  of  silver. 

On  the  line  of  the  incline,  as  is  shown  in  the  section,  there  is  a  ridge 
of  limestone  between  the  third  and  fourth  levels  and  another  just  beyond 
the  fifth.  To  the  north,  towards  the  Catalpa  line,  these  two  ridges  have 
come  together,  and  the  steep  dip,  which  in  the  incline  is  beyond  the  fifth 
level,  is  here  between  the  fourth  and  fifth,  as  the  converging  of  these  two 
drifts  shows.  East  of  this  line  the  contact  has  been  found  practically  barren, 
though  showing  considerable  replacement  material,  consisting  of  oxides  of 
iron  and  manganese  which  all  assay  a  few  ounces  in  silver.  Between  the 
eighth  and  ninth  levels  is  a  deep  trough,  produced  by  a  fold  and  possibly 
accompanied  by  some  displacement,  similar  to  that  in  the  Carbonate  mine. 
A  winze  was  sunk  here,  said  to  have  been  80  to  100  feet  deep,  in  vein  mate- 
rial, but  it  was  no  longer  open,  and  the  information  is  somewhat  uncertain. 
The  south  drift  on  the  eighth  level  runs  along  the  edge  of  this  trough  on 
the  contact,  which  dips  70°  to  the  eastward.  The  extremity  of  the  south 
drift  on  the  sixth  level,  which  follows  the  curves  of  the  contact,  rises  20  feet 
over  the  ridge  of  limestone  which  crosses  the  incline  below  No.  3  shaft,  and 
finds  a  small  body  of  ore,  which  deserves  further  prospecting. 

Catalpa  mine.  —  Although  the  first  discovery  of  ore  on  this  ground  was 
made  in  the  gossan,  or  iron  outcrop  at  the  surface,  the  mine  was  opened 
through  a  shaft  sunk  high  up  on  the  hill,  which  reached  the  contact  at  a 
depth  of  170  feet  and  near  the  eastern  limits  of  the  main  ore  body.  From 
this  explorations  were  carried  upward  to  the  west,  and  a  second  shaft,  the 
New  Discovery,  has  lately  been  sunk  to  develop  the  ore  shoot  extending 
up  toward  the  surface,  which  has  not  yet  been  thoroughly  explored. 

As  the  surveys  in  this  mine  had  been  carried  on  without  any  systematic 
determination  of  level  in  the  drifts,  as  is  often  the  case  in  Leadville  mines, 
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the  outlines  of  ore  bodies  and  contact  may  be  less  exact  than  in  other 
mines.  There  seem  to  be  two  ridges  in  the  formation,  marked  by  sudden 
descent  of  the  ore  bodies  to  the  east  on  the  line  of  the  section  (E),  but 
along  the  Evening  Star  line,  above  the  general  steepening  of  dip  at  the 
east  limits  of  the  bonanza,  the  inclination  is  more  regular.  The  vein  mate- 
rial in  this  ground  extends  to  depths  of  thirty  and  forty  feet  below  the 
contact,  its  total  thickness  not  being  in  all  cases  ascertainable,  as  explora- 
tions are  seldom  extended  in  depth  as  far  as  the  unaltered  limestone.  The 
rich  ore  bodies  are  generally  found  in  its  upper  part,  near  the  contact.  The 
former  is  generally  soft  and  clayev,  sometimes,  however,  a  hard  silicious 
hematite,  and  in  the  vicinity  of  the  ore  bodies  often  a  granular  quartz,  not 
unlike  a  quartzite  in  general  appearance.  In  the  Main  shaft  40  feet  of  vein 
material  was  passed  through  before  reaching  unaltered  limestone.  This  was 
barren,  with  the  exception  of  a  thin  streak  of  galena,  carrying  379  ounces 
of  silver  to  the  ton.  The  limestone  below  is  of  dark  color,  generally  hard 
and  crystalline,  but  sometimes  soft  and  pulverulent,  containing  clay  infil- 
trated through  from  above. 

From  the  bottom  of  the  New  Discovery  shaft  the  ore  extends  in  a 
somewhat  irregular  body  one  to  three  feet  in  thickness  to  the  northeastward, 
and  along  the  Evening  Star  line  is  practically  continuous  eastward  as  far 
as  the  so-called  "ci-ib."  In  the  direction  of  the  Main  shaft  its  continuity  for 
a  short,  distance  is  broken,  but  it  comes  in  again  in  the  northeast  continua- 
tion of  the  Crescent  body,  increasing  in  thickness  toward  the  "crib"  on  the 
Evening  Star  line,  at  the  extremity  of  the  drift  running  north  from  the  Main 
shaft.  At  the  "  crib,"  so  called  from  the  structure,  filled  with  waste,  used 
to  support  the  roof  of  the  ore  chamber,  there  is  a  sudden  steepening  of  the 
ore  body  on  both  sides  of  the  line  between  Catalpa  and  Evening  Star.  An 
almost  solid  mass  of  carbonate  ore,  40  feet  thick,  was  taken  from  this  cham- 
ber. It  was  difficult  to  obtain  definite  data  as  to  the  bounding  rocks,  but  it 
is  evident  that  this  deepening  is  due,  not  to  a  fold  in  the  limestone,  but  to 
replacement  action  extending  a  little  deeper,  probably  along  some  fissure 
or  cleavage  plane  in  the  limestone.  The  general  outline  of  the  ore  body 
here  is  shown  in  the  longitudinal  Section  A,  Atlas  Sheet  XXIX,  whose  line 
passes  through  this  portion  of  the  mines. 
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From  the  bottom  of  the  Main  shaft  an  incline  is  started  in  the  lime- 
stone for  the  purpose  of  exploring  the  ground  to  the  east;  in  it  the  bedding- 
planes  of  the  limestone  are  very  indistinct,  but  from  data  obtained  at  other 
points  it  is  deduced  that  its  dip  must  be  nearly  45°. 

In  general  it  may  be  said  of  the  ore  bodies  of  the  Catalpa  mine  that, 
while  irregular  and  pockety,  they  have  been  much  richer  than  the  thicker 
bodies  to  the  north. 

Evening  star  mine. — This  claim,  located  on  a  narrow  strip  of  ground  little 
more  than  half  the  normal  width  of  a  claim,  left  between  the  Catalpa  and 
Morning  Star,  included  by  good  luck  the  thickest  and  widest  portion  of 
the  bonanza,  and  has  probably  proved  more  profitable  to  its  owners,  as  a 
legitimate  mining  enterprise,  than  any  other  in  the  region. 

It  is  opened  by  two  vertical  shafts,  known  as  the  Main  and  Upper 
shafts,  between  which  the  ore  body  stretches  in  an  almost  continuous  sheet 
and  beyond  which  in  either  direction  but  little  ore  has  been  found. 

Main  shaft. — The  Main  shaft,  as  shown  in  Section  D,  was  sunk  through 
the  White  Porphyry,  across  a  great  thickness  of  iron  vein  material  and 
through  an  underlying  sheet  of  Gray  Porphyry,  into  a  second  body  of  vein 
material,  at  the  base  of  which  was  found  a  thin  bed  of  quartzite.  This  is 
probably  a  portion  of  the  Parting  Quartzite,  and  the  second  iron  body  is 
therefore  the  replacement  of  a  portion  of  the  Blue  Limestone  split  off  from 
the  main  body  by  the  intrusion  of  the  Gray  Porphyry.  The  fact  that  this 
underlying  sheet  has  been  actually  cut  here  is  extremely  important,  since 
its  existence  in  the  southern  portion  of  the  hill,  between  this  point  and  the 
oufcrops  on  the  slopes  toward  California  gulch,  has  been  only  inferentially 
proved  by  isolated  masses  supposed  to  be  offshoots  from  it. 

A  dike-like  body  of  Gray  Porphyry  is  also  cut  in  the  upper  workings 
adjoining  the  shaft.  As  shown  here,  it  is  six  feet  in  width,  runs  in  a  north- 
east direction,  and  has  a  dip  of  70°  to  the  northwest.  In  places,  especially 
toward  the  center  of  the  mass,  it  is  in  exceptionally  fresh  condition,  its  matrix 
being  a  semi-translucent  hornstone  like  mass,  containing  abundant  crystals 
of  limpid  quartz  with  feldspar.  By  decomposition,  which  is  often  com- 
pleted in  a  very  short  distance  from  the  unaltered  parts,  the  groundmass 
becomes  perfectly  opaque  and  white,  and  assumes  a  mottled  appearance 
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from  the  prominence  given  to  small  crystals  of  feldspar  and  the  oxidation 
of  the  contained  iron,  so  that  it  is  not  to  be  distinguished  from  the  average 
Mottled  Porphyry.  This  body  can  be  traced  but  for  a  short  distance  in 
either  direction.  It  is  probably  an  offshoot  from  the  main  underlying  sheet, 
and  its  position  suggests  a  possible  connection,  or  at  least  common  origin, 
with  that  found  in  the  Morning  Star  ground,  although  the  shape  of  the 
latter,  as  shown  in  Section  C,  is  more  that  of  a  sheet  than  of  a  dike.  It 
must  be  borne  in  mind,  however,  that  none  of  these  later  intrusive  and 
cross-cutting  sheets  has  the  regularity  of  the  normal  dike  as  it  is  gener- 
ally represented  in  geological  text-books,  and  further  that,  as  in  the  mines 
they  are  seldom  exposed  in  more  than  a  few  isolated  points,  their  graphic 
representation  on  the  section  is  almost  entirely  ideal  and  subject  to  correc- 
tion whenever  further  explorations  furnish  more  facts  in  regard  to  them. 
The  White  Porphyry  in  this  shaft  was  found  to  be  highly  decomposed 
throughout  and  so  stained  by  iron  oxides  near  the  contact  that  the  line  of 
the  latter  could  not  be  accurately  determined.  In  it,  about  fifteen  feet  above 
the  contact,  was  found  a  small  body  of  ore,  consisting  of  pyromorphite  and 
cerussite,  with  a  little  sulphide,  filling  the  interstices  of  small  blocks  of 
country  rock.  The  rock  contained  over  80  per  cent,  of  silica  and  may 
have  been  an  included  fragment  of  impure  quartzite  belonging  to  the  Weber 
Shales.  This  was  probably  a  secondary  deposit. 

The  occurrence  of  a  second  body  of  vein  material  below  the  Gray  Por- 
phyry is  extremely  interesting,  as  showing  that  replacement  of  the  lime- 
stone has  taken  place,  at  times,  below  this  porphyry,  as  it  has  normally 
below  the  White  Porphyry.  In  this  case  the  body  is  exceptionally  rich  in 
manganese,  being  mainly  the  black  iron  of  the  miners.  The  jointing  planes 
are  covered  with  a  coating  of  fine  crystals  of  pyrolusite. 

Upper  shaft. — This  shaft  was  sunk  290  feet  through  White  Porphyry 
before  reaching  the  contact.  Here  the  porphyry  was  hard  and  exception- 
ally fresh,  being  what  is  locally  known  as  "block  porphyry";  moreover, 
it  contained  minute  crystals  of  pyrite,  disseminated  through  its  mass.  The 
occurrence  of  undecomposed  pyrites  in  the  porphyry  is  noteworthy  in  con- 
nection with  the  fact  that  for  a  considerable  distance  to  the  east  of  the  shaft 
there  is  a  close  contact — that  is,  little  or  no  replacement  on  the  surface  of  the 
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limestone.  On  the  limestone  surface  only  about  eight  to  ten  feet  of  vein 
material  were  found,  which  rapidly  thinned  out  to  the  south  and  east.1  Be- 
tween these  two  shafts  the  rich  ore  body  extends  in  a  practically  continuous 
sheet,  reaching  its  greatest  thickness  of  about  forty  feet  toward  the  middle 
of  the  area.  Its  outlines  are  difficult  to  define,  since  the  distinction  between 
low-grade  ore  and  high-grade  vein  material  may  vary  at  different  times  and 
since  it  could  not  be  actually  studied  in  every  part ;  but  where  drifts  were 
closed  information  had  to  be  obtained  from  the  miners.  Its  lower  surface 
is  very  irregular,  extending  down  into  the  vein  material  to  depths  which 
vary  rapidly  in  a  few  feet ;  the  upper  limit,  however,  is  more  regular,  being 
practically  that  of  the  contact,  though  every  portion  of  this  was  not  nec- 
essarily rich  enough  to  be  extracted.  Toward  the  Morning  Star  mine  it  be- 
comes thinner,  but  its  lateral  boundaries  widen.  East  of  the  Main  shaft,  on 
the  line  of  Section  D,  the  contact  is  barren,  but  on  the  Morning  Star  line 
the  ore  extends  to  the  line  of  steepening  dip,  as  it  does  in  the  workings 
from  the  Morning  Star  Upper  shaft.  It  is  by  no  means  certain  that  in  this 
region  the  eastern  limits  of  the  ore  body  have  been  reached,  and  the  out- 
lines given  on  the  map  must  be  considered  merely  tentative.  The  diagram 
in  Fig.  1,  Plate  XXII,  is  taken  from  the  extremity  of  the  incline  running 
east  from  the  Evening  Star  Upper  shaft  and  shows  a  fragment  of  porphyry 
intruded  into  the  body  of  the  limestone,  in  this  case  unaltered ;  such  an  oc- 
currence in  a  region  of  active  replacement  would  account  for  the  Chinese 
talc  and  clay  which  might  be  found  entirely  within  an  ore  body. 

No.  5  shaft. —  Since  the  completion  of  field-work  an  exploring  shaft  has 
been  sunk  at  the  outcrop,  which,  after  passing  through  a  considerable  thick- 
ness of  vein  material,  is  said  to  have  found  unaltered  Blue  Limestone. 
From  this  information  the  structure  assumed  in  the  section  has  been  in- 
ferred, though,  as  will  be  shown  in  the  discussion  of  the  region  west  of  the 

1  Since  the  completion  of  field-work  this  shaft  has  been  sunk  100  feet  deeper,  cutting  alternately 
through  solid  limestone  and  replacement  zones  parallel  with  the  bedding  and  containing  iron  vein 
material.  The  first  of  these  zones  was  7  feet  thick,  occurring  at  15  feet  below  the  contact;  the 
second  was  45  feet  thick,  containing  in  the  middle  from  5  per  cent,  to  20  per  cent,  of  lead  and  occa- 
sional nodules  of  galena.  The  limestone  on  either  side  of  this  zone  was  decomposed  and  pulverulent, 
in  the  condition  known  to  the  miners  as  "  lime-sand,"  but  the  bedding  plaues  were  often  still  distinct. 
From  these  developments  it  appears  that  the  replacement  zone  on  Section  D  should  have  been  con- 
tinued farther  east.  The  shaft  was  not  carried  down  to  the  Gray  Porphyry,  to  determine  whether 
pay  ore  exists  at  its  contact,  as  in  the  Waterloo. 
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fault,  there  is  no  certainty  that  there  may  not  be  a  decided  shallowing  in 
the  dip  of  the  formation  as  it  approaches  the  assumed  fault  line.1  No 
explorations  have  been  made  between  this  and  the  Main  shaft  except  the 
Old  Discovery  shaft,  which  was  sunk  for  a  few  feet  in  vein  material  and 
has  long  since  been  filled  up  and  obliterated. 

The  ore  of  the  Evening  Star  mine  consists  largely  of  sand  carbonate 
and  hard  carbonate,  but  contains  also  a  considerable  amount  of  unaltered 
galena,  Although  less  rich  than  that  of  the  Catalpa,  its  working  results 
give  a  high  average,  which  may  be  estimated  at  60  to  70  ounces  of  silver 
a  ton.  As  compared  with  the  Morning  Star  ore  it  runs  lower  in  lead,  but  as 
a  rule  contains  less  silica  and  more  iron  and  manganese,  and  is,  therefore, 
more  easily  smelted.  The  hard  carbonate,  which  is  the  characteristic  ore 
of  the  western  half  of  the  mine,  is  a  granular  silicious  material  of  peculiar 
steely  or  adamantine  luster,  either  compact  or  porous  and  full  of  cavities. 
An  examination  of  the  cavities  with  a  lens  shows  that  they  are  more  or  less 
completely  filled  with  transparent  crystals  of  cerussite  and  little  flakes  of 
chloro-bromide  of  silver  of  pale-green  color.  The  sand  carbonates  occur 
in  streaks  and  lenticular  bodies,  generally  not  more  than  one  or  two  feet  in 
thickness.  Chinese  talc  is  occasionally  found,  but  cannot  be  traced  so  reg- 
ularly as  when  the  ore  bodies  are  thinner  and  the  actual  contact  conse- 
quently more  readily  defined. 

Morning  Star  mine. — To  this  mine  belong  both  the  Morning  Star  and  Water- 
loo claims,  the  ground  of  the  latter  above  the  fault  being  as  yet  but  little 
explored.  In  this  mine,  as  in  the  Catalpa,  no  systematic  levels  were  run, 
and,  as  many  of  the  old  workings  were  inaccessible  at  the  time  of  visit,  the 
data  obtained  as  to  details  of  form  and  occurrence  of  ore  are  less  accurate 
than  in  the  case  of  the  Evening  Star  mine.  The  ore  body  continues  its 

'According  to  Mr.  Kicketts  (The  Ores  of  Loadville,  Princeton,  1883)  the  data  furnished  by  the 
sinking  of  this  shaft  through  the  Gray  Porphyry  and  by  a  bore-hole  drilled  from  its  bottom  as  far  as 
the  Lower  Quartzite  show  that  the  thickness  given  for  the  Gray  Porphyry  sheet  in  our  ideal  Section  D 
is  too  great,  its  actual  thickness  being  about  fifty  feet.  Ho  also  states  that  he  found  no  Parting 
Quartzite.  As  his  information  with  regard  to  rocks  passed  through  was  obtained  by  examination  of 
the  dump,  it  might  readily  have  escaped  his  observation.  On  the  other  hand,  on  the  supposition  that 
there  was  a  nonconformity  by  erosion  between  Silurian  and  Carboniferous  formations,  it  might  have 
been  eroded  away  at  this  point  and  be  actually  wanting  ;  this  would  also  account  for  a  supposed  less 
than  normal  thickness  of  the  White  Limestone. 
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normal  northeast  direction  through  this  ground  as  far  as  explored,  and 
apparently  widens  out  to  the  northwest,  the  limits  given  to  it  in  this  direc- 
tion on  the  map  being  merely  those  of  explored  areas,  and  not  necessarily 
of  the  limits  of  ore  deposition,  as  a  great  deal  of  ground  is  still  unexamined. 
This  body,  which  in  the  Evening  Star  ground  had  already  commenced  to 
shallow  toward  the  boundary  line,  becomes  very  sensibly  thinner  through- 
out the  Morning  Star  ground.  From  four  to  eight  feet  may  be  taken  as 
the  average  thickness,  though  in  places  it  deepens  for  a  short  distance  to  20 
or  30  feet.  As  a  rule  the  ore  runs  much  higher  in  lead  than  in  the  Evening 
Star,  but  is  poorer  in  silver.  It  also  contains  more  silica  and  less  iron  and 
manganese.  Very  white  carbonate  sands,  consisting  of  almost  pure  cerus- 
site,  are  found,  especially  along  the  contact.  Here,  as  elsewhere,  these  seem 
to  contain  less  silver  than  the  more  stained  and  impure  carbonate  ores.  It 
may  be  that  the  latter  have  more  silver  in  the  form  of  sulphuret.  As  gangue 
the  porous  granular  quartz  is  very  prevalent,  and  often  constitutes  a  good 
hard  carbonate  ore.  Below  the  ore  the  ocherous  yellow  basic  sulphate  was 
frequently  observed.1 

The  mine  is  principally  worked  through  the  Main  shaft,  from  the  bot- 
tom of  which  an  incline  follows  the  dip  of  the  formation  eastward,  and 
levels  are  run  southward  to  the  Evening  Star  line  and  westward  to  connect 
with  the  old  workings  from  the  Lower  shaft.  From  the  incline  levels  are  run 
at  somewhat  irregular  distances,  following  the  ore  development,  which  has 
been  mainly  to  the  south  in  the  upper  part  and  in  the  lower  to  the  north. 
A  second  shaft,  known  as  the  Upper  shaft,  has  also  been  sunk  to  contact 
higher  up  on  the  hill,  on  the  Waterloo  ground,  from  which  a  level  connects 
with  the  incline. 

In  this  area  the  greatest  east- and- west  extent  of  the  ore  bodies  has 
been  along  the  Evening  Star  line,  and  its  greatest  thickness  along  the  mid- 
dle of  the  body,  between  the  second  and  third  levels.  As  far  as  could  be 
ascertained,  in  one  point  only  has  unreplaced  limestone  been  reached  below 
the  ore.  This  was  at  the  southern  extremity  of  the  fourth  level  south,  and  it 

1  According  to  Mr.  L.  D.  Ricketts,  who  made  a  careful  and  detailed  study  of  the  Morning  Star 
and  Evening  Star  mines  during  the  summer  of  1882,  this  basic  sulphate  forms  a  distinct  and  practically 
continuous  sheet  under  the  ore  body  in  the  Morning  Star  ground. 
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was  considered  by  the  miners  a  limestone  bowlder.  Explorations  generally 
stop  in  the  iron  body  or  barren  vein  material  underlying  the  ore  body. 
The  steepening  of  dip  to  the  east  of  the  ore  body  is  very  marked  at  the 
present  extremity  of  the  incline,  as  well  as  near  the  bottom  of  the  Upper 
shaft;  its  angle  is  here  25°.  A  fine  body  of  carbonate  ore  is  just  being 
opened  to  the  west  of  this  point. 

The  old  workings  of  the  mine  were  reached  from  the  Lower  or  Board- 
ing-House shaft,  and  at  time  of  examination  were  inaccessible.  From  infor- 
mation obtained  it  appears  that  a  large  mass  of  vein  material  was  found 
here,  and  a  layer  of  valuable  ore  at  the  contact,  which  reached  the  Evening 
Star  line  on  the  south,  but  was  cut  off  at  125  feet  east  of  the  shaft  by  a 
break  in  the  formation.  This  break  was  found,  at  the  extremity  of  the  west 
drift  from  the  Main  shaft,  to  consist  of  an  actual  displacement  of  20  feet  in 
the  formation,  bringing  the  basset  edges  of  the  limestone  against  a  sheet  of 
Gray  Porphyry,  which  here  overlies  the  contact  To  the  west  of  this  there  is 
a  sharp  rise  in  the  contact,  which  was  explored  with  some  difficulty  through 
drifts  rendered  dangerous  by  the  plastic  condition  of  the  decomposed  Gray 
Porphyry.  This  body  was  found  in  no  other  workings,  and  what  could  be 
determined  of  its  outlines  is  shown  in  Section  C.  Where  it  comes  up  through 
the  limestone,  as  it  undoubtedly  must,  is  not  therefore  known,  but  a  pos- 
sible manner  of  offshoot  from  the  main  sheet  below  is  shown  in  Section  A.1 

The  normal  continuation  of  this  great  ore  body  would  be  between  the 
Maid  of  Erin  and  Brookland  shafts.  In  the  former  contact  was  struck  at 
385  feet  and  15  feet  of  iron  were  passed  through.  To  the  north  of  the  shaft, 
in  a  drift  rising  between  Gray  and  White  Porphyry,  was  found  a  small 
body  of  galena.  The  developments  are  as  yet  too  limited  to  furnish  an 
accurate  idea  of  the  shape  of  this  body  of  Gray  Porphyry,  which  is  there- 
fore merely  indicated  in  the  section  (B),  as  shown  by  present  developments, 
with  no  suggestion  as  to  its  probable  continuation.  Ore  is  also  said  to  have 
been  struck  in  the  Brookland  shaft.  The  Big  Chief  and  Clontarf  shafts 
have  also  reached  the  contact  and  found  vein  material  and  ore,  but  as  yet 

1  Mr.  Eicketts  (op.  cit.,  p.  41)  states  that  a  dike,  eight  to  ten  feet  wide,  crossing  the  limestone, 
has  siuce  been  cnt  by  one  of  the  drifts  of  the  mine,  -which  he  regards  as  the  feeder  of  this  sheet  of  Gray 
Porphyry. 
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developments  are  not  carried  on  regularly  in  any  of  these  shafts,  owing  to 
great  influx  of  water  and  nothing  definite  can  be  said  as  to  the  extent  or 
conditions  of  the  ore  body  in  that  direction.1 

Area  west  of  Carbonate  fault. — The  original  rock  surface  of  Carbonate  Hill 
west  of  the  line  of  Carbonate  fault  slopes  off  very  rapidly,  as  shown  by  the 
sudden  deepening  of  the  Wash  in  the  various  sections.  The  line  where  the 
slide  of  the  steeper  slopes  gives  way  to  actual  Wash,  or  rounded  bowlders 
and  gravel  of  rearranged  moraine  material,  marks  a  sort  of  beach-line  in 
Glacial  time,  up  to  which  the  ice  sheet  must  have  extended  in  order  to  trans- 
port the  bowlders,  some  of  which  (at  the  mouth  of  the  Crescent  incline,  for 
instance)  must  have  been  brought  from  near  the  crest  of  the  range.  The  depth 
of  this  mass  of  detrital  material  probably  reaches  150  to  200  feet  along  the 
western  edge  of  the  map,  and  there  is  some  evidence  to  show  that  the  under- 
lying Lake  beds  extend  up  to  the  base  of  the  steeper  rock-surface  slope,  as 
shown  in  the  sections.  Under  such  a  mass  of  clayey  gravel,  which,  like  a 
sponge,  permits  the  passage  of  water  through  it  and  yet  keeps  constantly 
saturated,  the  rock  surface  disintegrates  and  its  mineral  constituents  are 
decomposed  more  readily  than  elsewhere,  and  the  porphyries  especially 
lose  rapidly  their  distinctive  characters.  With  these  conditions  of  actual 
surface  and  rock  surface  the  determination  of  geological  structure  is 
naturally  difficult,  and  this  difficulty  is  enhanced  by  the  fact  that,  except 
at  the  northern  and  southern  ends  of  the  area  mapped  in  the  lower  Henriett- 
Waterloo  and  .^Etna-Pendery  claims,  respectively,  the  little  underground 
exploring  that  has  been  done  was  simply  for  prospecting  purposes,  irregular, 
without  system,  and  the  workings  are  as  a  rule  no  longer  accessible.  The 
structure  of  this  region,  as  represented  on  the  sections,  is  the  embodiment  of 
information  obtained  at  the  expense  of  infinitely  more  time  and  labor  than 
the  examination  of  a  large  mine  would  have  required,  and  yet  is  far  from 
satisfactory  in  its  character.  For  this  reason,  while  the  structure  of  the 
lower  portion  of  the  hill,  as  shown  in  Sections  B,  H,  and  I,  maybe  taken  as 

'Since  the  completion  of  field-work,  at  a  depth  of  633  feet  contact  has  been  reached  in  the  Wolfe 
Toue  shaft,  which  is  a  short  distance  east  of  the  Brookland.  Ore  and  vein  material  are  said  to  have  been 
about  forty  feet  thick,  the  former  occurring  both  as  carbonate  and  as  sulphuret.  Below  this  a  body  of 
porphyry  was  found,  which  from  description  is  apparently  Gray  Porphyry  and  may  be  the  eastern  con- 
tinuation of  the  main  sheet  which  has  been  developed  in  the  Lower  Waterloo  workings. 
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essentially  accurate,  that  given  in  the  intermediate  sections  has  a  certain  ele- 
ment of  tentativeness  and  uncertainty.  That  in  the -ZEtna-Pendery  ground, 
i  epresented  by  the  two  latter,  has  already  been  described. 

Lower  Henriett  and  Waterloo. — Section  B  shows  the  structure  below  the  Car- 
bonate fault  on  a  line  drawn  between  these  two  claims,  whose  lower  work- 
ings are  connected  with  each  other.  It  is  that  of  an  anticlinal  fold,  whose 
axis  corresponds  very  closely  with  the  prolongation  of  the  Carbonate  fault 
line  and  whose  crest  has  been  planed  off,  with  a  sharp  synclinal  basin 
adjoining  it  on  the  west,  along  one  side  of  which  the  lower  sheet  of  Gray 
Porphyry  cuts  across  the  Blue  Limestone  up  into  the  overlying  White  Por- 
phyry, which  has  escaped  erosion  in  the  hollow  of  the  basin.  .  On  the  under 
side  of  this  sheet  of  Gray  Porphyry,  at  its  contact  with  the  limestone,  the 
latter  is  mineralized,  and  a  most  valuable  body  of  carbonate  ore  has  been 
developed,  extending  into  the  hill  at  a  rather  steeper  angle  than  the  aver- 
age dip  of  the  formation.  The  existence  of  this  lower  ore  sheet  was  sup- 
posed at  first  to  indicate  merely  a  faulted-down  portion  of  the  regular  ore 
horizon,  as  it  does  in  the  .^Etna-Pendery  ground,  the  difference  of  level 
between  the  outcrops  of  vein  material  on  the  surface  and  that  of  the  lower 
body,  prolonged  in  dip  into  the  hill,  being  quite  what  would  be  expected 
if  the  movement  of  the  fault  was  normal,  with  a  slight  decrease  in  amount 
toward  the  north.  It  was  observed,  however,  that  the  Half  Way  House 
and  Henriett  Lower  shafts  had  passed  through  normal  White  Porphyry 
over  limestone,  whereas  a  short  distance  east  of  the  latter  shaft  the  White 
Porphyry  gave  way  to  Gray  Porphyry,  which  thereafter  continued  to 
form  the  hanging  wall  of  the  ore  body,  limestone  being  in  all  cases  its 
foot-wall.  The  White  Porphyry  contact,  for  reasons  which  the  general 
geological  description  must  have  made  apparent,  is  necessarily  the  top  of 
the  Blue  Limestone;  but  the  continuation  of  the  Gray  Porphyry  con- 
tact soon  came  directly  beneath  the  regular  outcrop  of  iron  vein  mate- 
rial, which  here  has  more  than  double  the  width  that  it  has  farther  south. 
Therefore  it  was  evident  that  the  Gray  Porphyry,  although  itself  having 
the  regular  eastern  dip,  was  in  reality  cutting  across  the  Blue  Limestone. 
No  direct  evidence  of  the  fold  in  curving  stratification  lines  has  as  yet  been 
obtained,  since  where  these  would  occur  in  mine  workings  the  limestone 
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has  been  entirely  replaced  and  structure  lines  are  obliterated.  In  the  lower 
workings  of  the  Henriett  mine,  moreover,  near  the  prolongation  of  the  fault 
line,  Parting  Quartzite  was  found  in  the  floor  of  a  drift,  which  proves  that 
at  this  point  the  ore  body  is  near  the  base,  whereas  in  the  shafts  it  was 
near  the  top,  of  the  Blue  Limestone.  The  line  of  Section  B  is  apparently 
the  line  of  greatest  depression  of  the  Gray  Porphyry  sheet,  since  to  the 
north  what  is  apparently  a  slight  fault  brings  the  limestone  up,  cutting  off 
the  ore  body,  and  on  the  south,  towai-ds  the  New  Waterloo  shaft,  the  con- 
tact rises.  This  shaft  was  sunk  entirely  through  vein  material  and  Gray 
Porphyry,  and  apparently  found  no  White  Porphyry.  The  faulting  move- 
ment has  here  become  a  slight  down-throw  to  the  east,  comparable  in  di- 
rection and  amount  to  the  Morning  Star  fault,  and  which  might  readily  be 
mistaken  for  a  simple  monoclinal  fold.  It  is  assumed  to  be  the  continuation 
of  the  Carbonate  fault,  though  there  is  no  direct  proof,  nor  could  a  con- 
nection actually  be  traced,  since  the  throw  of  the  latter  would  become  nil 
between  here  and  where  it  is  actually  demonstrable.  On  the  same  line  to 
the  north,  in  Little  Stray  Horse  Ridge,  there  is  a  displacement,  which  passes 
into  an  anticline  on  Fryer  Hill,  in  the  Dunkin  ground. 

West  of  the  Halfway  House  shaft  the  contact  between  limestone  and 
White  Porphyry  has  been  explored  for  ore,  and  is  found  to  be  cut  off  by  a 
sudden  deepening  of  the  Wash,  which  evidently  represents  the  shore-line 
of  Lake  Arkansas  mentioned  above.  In  the  Jolly  shaft  the  Wash  is  140  feet 
deep  and  an  east  drift  from  it  finds  vein  material  and  limestone. 

The  map  shows  an  eroded  anticline  west  of  the  Jolly  shaft,  which  is 
the  southern  continuation  of  the  quaquaversal,  shown  on  the  Leadville 
map,  between  the  west  ends  of  Fryer  and  Carbonate  Hills. 

Morning  star  and  Forsaken.  —  On  the  line  of  Section  C  the  underground  data 
are  less  complete,  and  the  structure,  which  is  even  more  complicated,  is 
consequently  determined  with  less  certainty.  The  rocks  passed  through 
by  the  Waterloo  Lower,  Forsaken,  and  Portland  shafts  could  not  be  deter- 
mined by  actual  observation,  and  the  information  obtained  may  not  be  in 
every  case  geologically  accurate.  In  the  Forsaken  incline  the  limestone 
dips  regularly  eastward,  and  the  action  of  replacement,  acting  from  the  sur- 
face downwards,  is  very  clearly  shown.  Figure  4,  Plate  XXII,  repre- 
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sents  a  sketch  of  the  north  wall  of  the  incline,  near  its  head,  in  which, 
however,  the  transition  between  unreplaced  limestone  and  vein  material  is 
less  gradual  than  it  is  in  nature.  Above  the  contact  in  this  mine,  between 
vein  material  and  White  Porphyry,  is  a  varying  thickness  of  white  quartz- 
ite,  scarcely  to  be  distinguished  from  porphyry.  This  is  assumed  to  be  a 
portion  of  Weber  Shales  left  above  the  Blue  Limestone,  as  is  so  frequently 
the  case  on  Carbonate  and  Iron  Hills.  South  of  the  Forsaken  shaft  the  ore 
body,  which  is  a  layer  of  sand  carbonate  at  the  contact,  extends  apparently 
into  the  ground  of  the  lower  Evening  Star,  though  these  workings  were 
not  accessible  during  time  of  examination.  West  of  the  south  shaft  of  the 
Forsaken,  drifts  run  up  along  a  barren  contact  into  the  Wash,  which  deepens 
rapidly  along  the  lower  end  line  of  the  Evening  Star  claim. 

From  the  Forsaken  incline  south  toward  the  Waterloo  line,  the  forma- 
tion •  rises  apparently,  though  the  connecting  drift,  which  has  a  southeast 
course,  descends  near  this  line  on  a  steepening  dip  eastward.  From  this 
drift,  between  the  boundary  line  and  the  Main  (or  lower)  shaft  of  the  Water- 
loo, an  incline  follows  for  a  short  distance  a  rich  body  of  sand  ore  at  an 
angle  of  25°  to  the  east.  At,  the  head  of  this  incline,  directly  over  the  ore, 
is  a  thin  sheet  of  White  Porphyry,  which  is  overlaid  by  Gray  Porphyry. 
This  Gray  Porphyry  body  dips  steeply  north  and  east  and  comes  in  actual 
contact  with  the  ore  at  the  end  of  the  incline.  It  is  also  cut  in  the  bottom 
of  the  Main  shaft,  where  it  is  underlaid  by  vein  material  carrying  a  little 
galena.  This  shaft  is  said  to  have  passed  through  vein  material  and  then 
limestone  before  reaching  the  porphyry.  South  of  the  shaft  a  drift  intended 
to  connect  with  the  New  Waterloo  shaft  is  in  limestone,  which  has  an  appar- 
ent dip  north.  From  the  observations  above  noted,  it  would  seem  that  the 
Gray  Porphyry  is  here  cutting  across  the  limestone  up  into  the  White  Por- 
phyry in  a  southwesterly  direction,  as  it  is  in  a  westerly  direction  on  the 
line  of  Section  B.  Also  that  a  slight  anticlinal  ridge  runs  along  the  Water- 
loo-Forsaken line,  from  which,  however,  the  White  Porphyry  has  not  been 
entirely  eroded  off,  as  it  has  on  the  line  of  Section  B.  This  structure  m;iy 
be  seen  graphically  by  supposing  Section  B  to  represent  a  north-and-south 
section  across  the  Waterloo-Forsaken  ore  body  on  a  line  just  west  of  the 
New  Waterloo  shaft.  There  would  be  the  same  bowl  shaped  syncline, 
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though  perhaps  shallower,  arid  a  shorter  anticline  beyond  it  to  the  south, 
from  which  the  White  Porphyry  had  not  been  entirely  eroded  off.  The 
conditions  in  the  Waterloo  Main  shaft  would  be  represented  by  those  of 
the  dotted  lines,  which  on  Section  B  denote  the  projection  of  the  Barker 
shaft,  and  the  Evening  Star  Lower  shaft  would  occupy  a  corresponding 
position  to  the  No.  3  Heuriett.  The  ideal  structure  outlined  here  necessi- 
tates a  very  sudden  rise  in  the  original  Blue  Limestone  surface  to  the  north- 
ward, near  the  Waterloo-Forsaken  line,  as  the  movement  of  the  Carbonate 
fault,  which  on  the  line  of  Section  C  is  nearly  140  feet,  would  have 
become  nothing  and  even  be  reversed  before  reaching  the  line  of  Section  B.1 

Niies- Augusta  and  wild  cat.  —  South  of  the  Forsaken  the  data  to  be  obtained 
from  workings  west  of  the  line  of  Carbonate  fault  were  still  more  meager. 
The  Evening  Star  Lower  and  Catalpa  No.  2  shafts  were  both  inaccessible; 
the  former  was  said  to  have  found  a  large  body  of  vein  material  and  ore, 
as  shown  in  Section  D.  The  latter  was  sunk  210  feet,  and  found  the  for- 
mation dipping  nearly  45°  east.  From  the  dump  it  was  evident  that  in  its 
lower  part  it  had  passed  through  White  Limestone  and  quartzite.  It  was 
assumed  that  it  had  passed  across  the  fault  line  and  reached  the  lower  for- 
mations east  of  it. 

From  the  Niles  shaft  three  levels  had  been  run.  The  upper  drift  ran 
east  through  White  Porphyry  and  struck  vein  material  at  the  Evening 
Star  line.  On  the  second  level  the  drifts  were  mainly  in  limestone,  with 
some  vein  material  at  the  contact  of  overlying  porphyry,  necessitating  a 
steep  westward  dip  in  the  formation  from  the  contact  of  the  upper  level. 
The  lower  level  at  230  feet  was  entirely  in  limestone,  whose  stratification 
lines  could  not  be  distinguished.  The  limestone  in  this  mine  was  of  lighter 
color  than  is  ordinary  in  the  Blue  Limestone. 

'Mr.  Eicketts  (loc.  cit.,  p.  13)  supposes  a  much  simpler  structure  through  the  lower  Waterloo 
and  Forsaken  mines,  namely  :  that  the  formations  continue  westward  on  their  normal  dip  until  they 
reach  the  surface,  there  being  no  displacement  anywhere  along  the  assumed  line  of  the  Carbonate  fault. 
His  opinion  is  of  weight,  since  he  had  the  advantage  of  later  and  more  extended  underground  work- 
ings and  could  give  months  of  time  where  we  could  only  give  days.  His  explanation,  however,  takes 
no  account  of  the  White  Porphyry  west  of  the  Carbonate  fault  line.  Assuming  that  he  is  right  and 
that  our  determinations  of  the  existence  of  White  Porphyry  are  at  fault,  some  structural  explanation 
s.milar  to  the  above  is  required  to  the  south  of  this  line  before  the  unmistakable  conditions  existing 
in  the  JEtna-Pendery  grounds  are  reached. 
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In  the  Wild  Cat  the  bottom  of  the  shaft  was  in  the  same  light- colored 
limestone.  At  a  depth  of  about  one  hundred  feet  a  level  ran  east  along  a 
waving  contact,  with  considerable  though  irregular  development  of  con- 
tact vein  material  and  the  same  white  quartzite  above  it  that  was  found  in 
the  Forsaken  mine.  A  north  drift  from  this  level  followed  a  similar  barren 
contact,  the  Wash  at  one  point  coming  down  into  the  roof  of  the  drift.  A 
cross-cut  west  from  the  end  of  this  drift  passed  over  a  ridge  in  the  formation 
and  stopped  just  as  it  commenced  to  dip  sharply  westward. 

Lower  Crescent. — The  workings  of  the  Crescent  Lower  shaft  were  platted 
from  a  compass  survey,  and,  while  not  as  accurate  as  those  from  actual  sur- 
veys, are  sufficiently  so  for  the  purposes  of  this  work.  The  shaft,  which  is 
145  feet  deep,  passed  through  Wash  22  feet,  iron-stained  clay  10  feet,  White 
Porphyry  (soft  above  and  hard  block  porphyry  at  bottom)  113  feet.  The 
drifts  followed  clayey  iron-stained  material,  with  some  development  of  spec- 
ular iron,  but  no  unaltered  limestone  was  found.  The  east  drift  at  the  end 
had  a  dip  of  45°  east.  The  west  drift  passed  over  a  slight  ridge  and  stopped 
in  a  gentle  westerly  dip.  Here  the  calculated  down-throw  of  the  Carbonate 
fault  is  about  one  hundred  and  forty  feet. 

The  deductions  made  from  the  observations  in  these  workings  are,  first, 
that  there  is  a  probable  western  dip  in  the  formation  on  the  lower  slopes  of 
the  hill  and,  second,  that  an  anticlinal  structure  is  developed  just  west  of 
the  line  of  Carbonate  fault,  which  to  the  north  gradually  merges  into  the 
axis  of  the  fault,  without,  however,  becoming  strictly  identical  with  it.  The 
sections  show  a  single  anticlinal  structure  south  of  the  Henriett- Waterloo 
line  and  a  double  anticline  with  a  sharp  included  syncline  on  that  line.  It 
is  possible  that  the  structure  south  of  that  line  will  not  prove  exact  in  its 
details  when  more  extended  explorations  shall  be  made;  but  errors  of  detail 
are  in  a  measure  unimportant,  the  great  object  being  to  determine  whether 
there  be  a  western  dip  in  the  formation  along  the  lower  slopes  of  the  hill, 
which  seems  reasonably  probable. 


CHAPTER  IV. 

FRYER  HILL  GROUP. 

GENERAL   DESCRIPTION. 

Fryer  Hill,  which  has  become  so  famous  in  the  mining  world  by  the 
richness  of  its  ore  deposits,  forms  a  comparatively  insignificant  feature  in 
Leadville  topography,  being  simply  the  extreme  shoulder  of  a  minor  spur 
extending  to  the  westward  from  Breece  and  Yankee  Hills,  between  Little 
Stray  Horse  and  Big  Evans  gulches ;  its  extreme  elevation  above  these 
gulches  is  only  200  feet.  At  one  time  the  Big  Evans  glacier  probably 
covered  its  surface,  and  the  moraine  material  which  it  left  behind  during  its 
retreat,  though  partially  removed  by  later  erosion,  still  covers  the  surface  of 
the  hill  to  an  average  depth  of  about  one  hundred  feet.  For  this  reason 
the  study  of  its  geological  structure  has  been  a  very  laborious  work,  and 
one  which  could  hardly  have  been  accomplished  were  it  not  for  the  exten- 
sive underground  developments  made  by  the  numerous  mines  among  which 
its  surface  is  divided  up.  As  contrasted  with  the  already  described  groups 
of  Iron  and  Carbonate  Hills,  Fryer  Hill  exhibits  an  extreme  of  mineral 
replacement.  The  Blue  Limestone  is  represented  mainly  by  occasional 
detached  patches  of  lime  sand  or  disintegrated  dolomite  and  irregular  accu- 
mulations of  iron  vein  material,  more  or  less  impregnated  with  rich  car- 
bonates of  lead  and  chlorides  of  silver.  The  beds,  which  were  horizontal 
previous  to  the  action  of  mineralization,  have  been,  during  the  dynamic 
movements  which  followed,  compressed  into  gentle  folds,  and  their  crests 
have  since  been  planed  off  by  the  great  Evans  glacier.  These  folds  con- 
sist of  a  main  anticlinal  fold,  whose  axis  has  a  northeasterly  direction  and 
forms  a  continuation  of  the  Carbonate  fault  line,  with  a  synclinal  fold  nearly 
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parallel  to  it  on  the  northwest.  There  is,  moreover,  a  general  dip  of  the 
folds  and  of  the  beds  that  compose  them  to  the  northeast.  The  structure 
is  further  complicated  by  minor  crumplings,  which  are  shown  by  the  wavy 
outlines  of  the  outcrops,  but  in  which  it  is  difficult  to  trace  any  regular  law. 
In  addition  to  all  this  the  development  of  porphyry  has  been  exceptionally 
great  in  this  region.  As  already  shown,  the  cross-cutting  zone  of  White 
Porphyry  passes  through  the  southwestern  edge  of  the  hill,  so  that  there 
is  an  underlying  and  an  overlying  body  throughout  the  greater  part  of  its 
area ;  and  in  the  Amie  ground  the  ore  horizon  is  split  up  into  three  sheets, 
each  bounded  by  White  Porphyry.  Gray  Porphyry  is  found  as  an  overly- 
ing sheet,  as  the  continuation  of  the  cross-cutting  sheet  of  Carbonate  Hill, 
in  a  dike-like  body,  and  in  several  small  and  apparently  detached  sheets. 

While  on  Iron  and  Carbonate  Hills  it  is  always  possible  to  trace  the 
limits  of  the  original  body  of  Blue  Limestone,  which  shows  but  a  moderate 
variation  in  thickness,  on  Fryer  Hill  it  is  difficult  to  explain  the  seemingly 
enormous  contraction  that  this  bed  has  suffered  through  the  action  of  replace- 
ment. It  is  true  that  the  intrusion  of  the  porphyry  mass  has  in  many  cases 
split  the  original  body  into  several  isolated  sheets,  whose  originally  irregu- 
lar shape  would  account  for  a  certain  variation  in  the  thickness  of  the  pres- 
ent bodies  of  vein  material.  On  the  other  hand,  this  explanation  hardly 
seems  adequate  for  certain  extreme  instances,  such  as  that  in  the  Little 
Chief  mine,  where  within  a  distance  of  scarcely  over  one  hundred  feet  the 
iron  body  varies  from  a  thickness  of  six  feet  up  to  ninety  feet.  It  would 
almost  seem  in  such  cases  as  if,  in  the  plastic  condition  to  which  the  pres- 
ence of  enormous  quantities  of  surface  waters  had  given  rise,  not  only  in 
the  ore  bodies  but  also  in  the  surrounding  porphyry,  an  alternating  thick- 
ening and  thinning  of  the  body,  perhaps  already  inaugurated  by  the  shape 
of  the  original  limestone,  had  been  very  much  increased  by  subsequent 
compression  within  the  mass.  In  other  cases  the  finding  of  two  bounding 
quartzites,  that  which  represents  the  Weber  Shales  and  that  forming  the 
Parting  Quartzite,  proves  that  there  has  been  an  absolute  contraction  due 
to  replacement.  The  average  thickness  of  the  iron  body  on  Fryer  Hill  will 
probably  not  exceed  fifty  feet,  whereas,  as  has  already  been  seen,  the  original 
Blue  Limestone  often  reaches  200  feet  in  thickness. 
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Before  proceeding  to  a  detailed  description  of  the  individual  mines,  it 
may  be  well  to  mention  briefly  the  locality  and  manner  of  occurrence  of 
the  main  rock  masses  observed  on  Fryer  Hill. 

Gray  Porphyry — The  bodies  of  this  rock  found  on  the  hill  have  been  indi- 
cated without  any  direct  connection,  simply  from  the  fact  that  it  has  not  been 
possible  in  the  present  state  of  development  to  trace  each  connection  defi- 
nitely, although  it  is  very  probable  that  many  of  the  intrusive  bodies  may 
have  a  common  origin.  The  principal  body  is  that  which  is  shown  along 
the  eastern  and  northern  limits  of  the  map,  which  is  all  that  remains  of  the 
main  sheet  of  Gray  Porphyry,  developed  in  such  thickness  in  Little  Stray 
Horse  Park.  It  is  the  ordinary  gray,  somewhat  decomposed  rock,  and  has 
been  proved  in  the  Winnemuck  shaft  of  the  Little  Pittsburgh,  in  several  of 
the  small  shafts  along  the  northern  edge  of  the  hill  on  the  slopes  of  Big 
Evans  gulch,  and  in  all  the  shafts  on  the  eastern  edge  of  the  map  and  imme- 
diately beyond  it. 

The  second  is  a  dike-like  body,  which  extends  probably  from  the  Lee  to 
the  Chrysolite,  although  its  continuity  in  a  portion  of  this  distance,  between 
the  Pittsburgh  and  the  Amie  claims,  has  not  been  definitely  proved.  This 
would  seem  to  belong  to  the  type  of  interrupted  dikes,  as  it  only  reaches 
the  surface  in  certain  points,  whereas  in  others  the  ore  bodies  extend  con- 
tinuously over  it,  but  in  depth  it  is  doubtless  continuous  through  its  whole 
length.  Where  cut  entirely  through,  it  has  an  average  thickness  of  forty- 
five  to  fifty  feet.  It  is  generally  so  decomposed  that  it  is  simply  a  soft, 
clayey  mass,  its  only  distinction  from  masses  of  White  Porphyry  in  a  sim- 
ilar condition  being  its  mottled  appearance,  due  to  the  forms  of  feldspar 
crystals  and  to  iron  stains  resulting  from  the  decomposition  of  hornblende 
and  biotite.  Occasionally,  however,  the  characteristic  large  feldspars  are 
distinctly  visible,  although  the  mass  is  so  thoroughly  altered  that  the  press- 
ure of  the  hand  suffices  to  reduce  it  to  a  shapeless  mass  of  plastic  clay.  In 
general  this  body  seems  to  have  a  dip  of  about  45°  to  the  northeast. 

The  third  important  mass  of  Gray  Porphyry  occurs  within  the  lower 
White  Porphyry,  and  has  been  cut  in  a  drift  connecting  New  Discovery 
No.  1  with  New  Discovery  No.  5,  and  in  the  grounds  of  the  Chrysolite 
between  Vulture  No.  1,  Vulture  No.  2,  and  Colorado  Chief  No.  2;  in  each 
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instance  characterized  by  its  mottled  appearance  and  by  its  more  thorough 
decomposition  than  the  inclosing  White  Porphyry.  This  is  probably  part 
of  the  same  sheet  which  crosses  the  White  Limestone  under  Little  Stray 
Horse  gulch,  and  is  cut  in  a  shaft  south  of  New  Discovery  No.  5,  in  the 
New  Gambetta  shaft,  and  in  the  Eudora  shaft.  New  Discovery  No.  6  cuts 
a  similar  sheet  of  Gray  Porphyry  in  the  Blue  Limestone,  which  evidently 
is  part  of  the  cross-cutting  sheet  of  the  Waterloo-Henriett  claims.  There  is 
little  doubt  that  all  these  bodies  form  part  of  the  same  intrusive  sheet  which 
is  gradually  rising  in  geological  horizon  to  the  westward,  as  shown  graph- 
ically on  the  map. 

Besides  these  three  principal  bodies,  small  irregular  sheets  are  found 
overlying  the  iron  in  the  southern  portion  of  the  Little  Chief  claim  and  in 
the  Robert  K.  Lee  mine,  apparently  conformable  with  the  formation.  In 
the  eastern  portion  of  the  latter  mine  also  is  a  dike-like  sheet,  five  or  six 
feet  thick,  cutting  through  the  ore  body  and  extending  from  the  northern 
drift  on  first  level  to  the  eastern  drift  on  second  level,  or  in  a  northwesterly 
direction,  with  a  dip,  however,  to  the  eastward. 

white  Porphyry. — The  upper  sheet  of  White  Porphyry  is  generally  very 
much  decomposed,  and  within  fifteen  or  twenty  feet  of  the  ore  bodies  it  is 
reduced  to  a  mixture  of  clay  and  quartz  grains.  Over  the  main  summit  of 
the  hill  there  is  little  of  it  left,  probably  on  an  average  not  more  than  fifteen 
or  twenty  feet.  Its  decomposed  state  is  evidently  due  to  the  abundant 
action  of  surface  waters,  which  have  free  access  through  the  superincum- 
bent Wash,  there  being  no  solid  rock  above  it. 

The  lower  White  Porphyry  is  relatively  much  less  decomposed, 
although  the  microscope  shows  that  decomposition  has  already  .progressed 
to  a  considerable  extent  within  its  mass.  In  some  places,  however,  notably 
in  the  lower  drifts  of  the  Dunkin  and  Climax,  where  it  approaches  the  lower 
limestone,  it  has  been  reduced  to  a  clay  and  is  so  full  of  oxide  of  iron  that 
it  is  difficult  to  distinguish  it  from  the  iron  mass  which  has  replaced  the 
limestone.  It  is  also  characterized  by  a  laminated  appearance  which  makes 
it  closely  resemble  decomposed  shale.  Its  thickness  has  been  proved  in  a 
number  of  shafts  to  vary  from  sixty  to  one  hundred  and  sixty  feet,  as  fol- 
follows:  Climax  No.  1,  115  feet;  Climax  leased  shaft  No.  1,  60  feet;  Cli- 
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max  No.  5,  115  feet;  Dunkin  No.  1,  110  feet;  Montana  shaft,  99  feet;  Amie 
No.  2,  163  feet;  Little  Chief  No.  1,  135  feet.  It  will  be  noticed  on  the 
map  that  this  lower  sheet  of  White  Porphyry  gradually  passes  up  across 
the  body  of  Blue  Limestone  to  the  southward  towards  Carbonate  Hill,  finally 
merging  with  the  upper  sheet. 

Weber  quartzite. — The  overlying  quartzite  is  coarse-grained  and  sometimes 
micaceous,  as  is  common  in  the  Weber  formation.  It  occurs  in  detached 
patches  at  various  points  between  the  ore  body  and  the  overlying  porphyry. 
Its  most  continuous  body  is  in  the  Chrysolite  ground,  where  it  extends  from 
the  Roberts  shaft  towards  Chrysolite  No.  4,  and  varies  in  thickness  from 
one  foot  to  six  feet.  In  the  Roberts  shaft,  where  its  maximum  thickness 
occurs,  it  is  separated  from  the  iron  body  by  ten  or  fifteen  feet  of  porphyry. 
In  a  drift  from  the  Roberts  shaft  to  Chrysolite  No.  4  it  is  found  sometimes 
resting  directly  on  this  iron,  again  separated  by  several  feet  of  porphyry,  and 
at  other  times  split  up  into  several  bodies.  Elsewhere  on  the  hill  it  is  gen- 
erally found  in  more  or  less  rounded  fragments,  included  in  the  porphyry, 
directly  above  the  iron. 

Blue  Limestone. —  Small  irregular  bodies  of  pale-blue  sand,  generally  near 
the  surface  of  the  ore,  are  frequently  found  in  the  vein  material  of  Fryer 
Hill,  especially  in  the  Chrysolite  ground.  The  occurrences  of  actual  bodies 
of  limestone  in  place  are,  however,  extremely  rare.  Those  observed  are — 

1.  At  the  extreme  western  edge  of  Fryer  Hill,  as  shown  in  the  Colo- 
rado Chief  and  some  of  the  adjoining  prospect  shafts,  where  it  is  struck 
directly  beneath  the  Wash  and  apparently  rests  immediately  upon  the  Part- 
ing Quartzite,  with  no  intermediate  body  of  White  Porphyry.     The  outlines 
of  this  body  could  not,  of  necessity,  be  very  definitely  obtained,  but  it  is 
probably  of  considerable  extent  and  evidently  represents  the  wedge  shaped 
portion  separated  by  the  cross-cutting  sheet  of  White  Porphyry.     It  is  here 
a  dark-blue,  granular  limestone,  frequently  somewhat  impregnated  with  iron. 

2.  A  large  body  of  lime-sand  occurs  in  the  western  portion  of  the  Chrys- 
olite, south  of  Vulture  No.  2,  adjoining  the  lower  iron  body. 

3.  A  fragment  of  Blue  Limestone  is  found  below  the  main  iron  body, 
included  in  the  porphyry,  in  the  second  western  drift  south  of  Vulture  No.  3 
shaft  (see  Section  F,  Atlas  Sheet  XXXIII). 
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4.  A  nearly  continuous  bed  of  lime-sand,  in  which  are  occasional  por- 
tions of  compact  Blue  Limestone,  is  found  overlying  the  iron  body,  extend- 
ing from  near  Vulture  No.  3  over  adjoining  portions  of  the  Vulture,  Car- 
boniferous, Chrysolite,  New  Discovery,  and  Little  Chief  claims. 

5.  In  the  Little  Chief  mine,  about  the  middle  of  the  claim  and  south 
of  the  Gray  Porphyry  dike,  a  body  of  limestone  comes  in  suddenly,  occu- 
pying the  greater  portion  of  the  ore  horizon  for  a  considerable  distance,  an 
up-raise  having  been  made  through  it ;  while  below  it  has  been  proved  to 
extend  to  the  Parting  Quartzite  by  a  drift  running  along  the  contact  of  the 
two  in  an  east-and-west  direction.     This  limestone  is  partly  disintegrated 
into  sand  and  partly  in  a  compact  state.     A  little  farther  south  the  iron  body 
is  found  resting  directly  on  the  Parting  Quartzite,  affording  a  direct  proof 
that  itis  a  replacement  of  the  limestone.    (See  Section  J,  Atlas  Sheet  XXXIV.) 

6.  The  most  considerable  body  found  is  that  cut  at  the  northern  end 
of  the  third  level  of  the  Dunkin  mine.     The  drift  runs  through  this  body 
for  a  distance  of  about  one  hundred  feet,  the  stratification  lines  showing  at 
first  a  dip  of  45°  to  the  northward ;  the  angle  becomes  shallower  farther  on, 
which  may  be  due  to  a  change  in  the  strike.     This  body  shows  the  charac- 
teristic ribbed  structure  of  the  Blue  Limestone  and  contains  imperfect  casts 
of  fossils.     It  has,  moreover,  every  external  appearance  of  a  solid  hard  rock, 
but  upon  being  broken  down  crumbles  at  once  to  fine  sand. 

The  analyses  of  these  lime-sands  show  no  essential  change  in  compo- 
sition from  the  unaltered  rock,  as  regards  their  contents  in  carbonate  of  lime 
and  magnesia.  The  following  are  the  proportions  obtained : 


Carbonate 
of  lime. 

Carbonate 
of 
magneaia. 

55.14 

44.29 

54  09 

43  79 

Silver  Wave  limestone  (type  rock)  — 

54.98 

44.39 

The  disintegration  is  probably  due  to  the  dissolving  out  of  the  cement- 
ing material,  which  held  the  grains  together,  by  percolating  waters,  and  from 
the  above  analyses  it  would  seem  that  in  these  dolomites,  as  in  quartzites, 
the  cementing  material  was  essentially  of  the  same  composition  as  the  rock 
itself. 
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Gangue. — The  material  which  replaces  the  limestone  on  Fryer  Hill  does' 
not  differ  essentially  from  that  already  described  on  Iron  and  Carbonate 
Hills.  It  is  mainly  an  impure  mass  of  oxides  of  iron  and  manganese,  with 
a  greater  or  less  admixture  of  silica  and  clayey  materials.  It  differs  some- 
what in  different  portions  of  the  hill,  being  relatively  richer  in  alumina  and 
iron  in  the  main  mass  of  the  hill,  and  very  silicious  in  the  eastern  portion, 
or  in  the  Lee  group  of  mines.  The  black  or  manganiferous  iron,  which 
forms  a  large  portion  of  it,  though  very  irregular  in  its  distribution,  is,  as 
elsewhere,  generally  barren.  In  the  main  mass  of  the  hill  silicious  replace- 
ments consist  of  black  chert,  often  forming  large,  r.ln.ost  solid  bodies  and  at 
other  times  being  thoroughly  shattered  into  angular  fragments,  the  seaim 
more  or  less  filled  with  clay.  Considerable  amounts  of  sulphate  of  baryta 
in  crystalline  form  are  scattered  irregularly  through  the  ore  deposits,  and 
are  generally  considered  a  good  indication  of  ore,  inasmuch  as  they  usually 
accompany  rich  masses  of  chloride.  The  oxide  of  iron  is  generally  hy- 
drated,  though  sometimes  mixed  with  a  certain  amount  of  anhydrous  oxide. 
Frequently  it  forms  a  comparatively  pure  iron  ore  and  is  valuable  as  a  flux, 
notably  that  occurring  in  the  Amie  mine.  From  this,  with  varying  propor- 
tions of  iron  and  silica,  it  passes  through  jaspery  iron  with  conchoidal  -fract- 
ure into  almost  pure  silica.  It  is  frequently  cavernous,  the  cavities  being 
lined  with  crystals  of  quartz,  cerussite,  and  sometimes  of  pyrolusite.  Black 
iron  contains  from  10  per  cent,  of  manganese  upwards,  though  never  ap- 
proaching a  pure  manganese  mineral  in  any  large  quantity,  except  in  the 
Dunkin  and  in  the  adjoining  workings  of  the  Climax  No.  3.  No  pyrites, 
so  far  as  known,  have  ever  been  found  in  the  mines  and  carbonate  of  iron 
is  extremely  rare. 

Ore  deposits. — Ore  occurs  either  in  the  form  of  galena  or  its  decomposi- 
tion products,  carbonate  and  a  little  sulphate  of  lead,  with  a  small  amount 
of  chloro-phosphate  or  pyromorphite ;  and  silver,  either  inclosed  in  the 
galena  or  impregnating  the  vein  materials  in  the  form  of  chloride,  chloro- 
bromide,  or  iodide,  or  a  mixture  *of  the  three.  Galena  occurs  irregularly, 
generally  in  the  center  of  a  large  mass  of  vein  material,  with  its  surface 
more  or  less  oxidized  and  changed  into  carbonate.  Besides  this,  considera- 
ble masses  of  sand  carbonate  with  hard  carbonates  are  found,  which  are 
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always  more  or  less  stained  with  iron.  Actual  pseudomorphs  of  carbonate 
of  lead  after  cubical  crystals  of  galena  have  been  found,  as  have  also  small 
crystals  of  pyromorphite  and  molybdenite.  The  galena,  as  a  rule,  contains 
a  proportionately  larger  amount  of  silver  than  the  carbonate  of  lead,  as 
might  naturally  be  expected,  since,  in  the  oxidization  of  galena  by  perco- 
lating waters,  silver  is  removed  in  the  form  of  chloride  and  has  frequently 
been  redeposited  at  some  distance  from  its  original  position.  In  this  way 
the  Lee  group  of  mines  evidently  owe  their  ore  entirely  to  the  later  miner- 
alizing action,  since  they  are  practically  free  from  lead  and  consist  of  chert 
and  highly  silicious  red  and  yellow  ochers,  impregnated  with  chloride  and 
t  hloro-bromide  of  silver,  without  any  lead  The  darker-colored  sand  car- 
bonates are,  as  a  rule,  the  richer;  those  found  in  the  Amie  mine,  for  instance 
have  a  dark-blue  or  greenish  tinge  and  carry  300  ounces  of  silver  to  the  ton, 
whereas  the  light-colored  carbonates  of  the  Morning  Star  mine  only  contain 
from  forty  to  fifty  ounces  to  the  ton: 

The  extreme  irregularity  of  the  occurrence  of  the  ore  renders  any 
generalization  extremely  difficult.  It  may  be  stated,  however,  that  here,  as 
in  all  the  other  hills,  the  rich  ore  is  generally,  though  not  invariably,  found 
along  the  upper  portion  of  the  ore  body.  The  main  bonanzas  or  ore  bodies, 
as  will  be  seen  by  reference  to  the  map,  have  a  nearly  east-and-west  direc- 
tion, parallel  to  the  dike  already  noticed.  It  will  also  be  noticed  that  the 
richest  bodies  have  been  found  in  comparative  proximity  to  this  dike  and 
to  the  northeast  of  it,  the  main  rich  body  to  the  southwest  of  this  dike  being 
that  in  the  New  Discovery,  Little  Chief,  and  Little  Pittsburgh  mines,  oppo- 
ite  what  seems  to  be  a  partial  break  in  the  continuity  of  the  dike.  The 
influence  of  this  dike  on  the  deposition  of  ore  has  evidently  been  to 
cause  an  interruption  or  stagnation  in  the  ore  currents,  by  which  their  con- 
tents were  precipitated  more  richly  in  a  sort  of  eddy  immediately  adjoining 
it.  On  the  northern  portion  of  the  hill  no  large  ore  bodies  have  been  found 
as  yet,  although  the  existence  of  a  large  body  of  iron  has  been  proved  in 
which  there  are  found  small  irregular  pockets  of  ore.  Exploration  in  this 
direction  has  been  comparatively  neglected  on  account  of  the  great  inrush 
of  water  wherever  shafts  have  been  sunk  to  the  ore  horizon.  Erosion  must 
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have  removed  an  enormous  quantity  of  ore  from  the  crest  of  the  fold,  and 
doubtless  from  the  surface  of  many  of  the  existing  ore  bodies.  As  a  rule 
the  lower  iron  bodies  are  comparatively  barren.  On  the  other  hand,  that 
very  rich  portion  of  the  Lee  body  which  extends  into  the  Matchless  and 
Hibernia  grounds  is  immediately  above  the  Parting  Quartzite,  or  represents 
the  very  bottom  of  the  Blue  Limestone.  A  small  body  of  ore  was  ob- 
tained from  the  lower  bed  of  the  Amie  mine,  which  yielded  seventy  ounces 
to  the  ton,  and  from  the  workings  of  the  Vulture  No.  2  some  pay  ore  was 
obtained  in  the  same  horizon. 

The  dip  of  the  ore  horizon  is  generally  quite  low,  in  the  New  Discovery 
not  more  than  5°  and  in  the  Little  Pittsburgh  and  Little  Chief  the  southern 
portion  is  quite  horizontal.  In  the  Chrysolite  it  dips  from  10°  to  11°, 
whereas  in  the  Amie  the  dip  is  20°  to  the  northwest.  On  the  east  side  of 
the  anticlinal  fold  the  dip  is  uniformly  steeper,  so  that  from  the  Lee  to  the 
Denver  City  the  outcrop  is  relatively  narrower. 

Parting  Quartzite.  — The  Parting  Quartzite,  where  observed,  is  not  over  ten 
to  fifteen  feet  in  thickness  and,  as  contrasted  with  the  upper  quartzite,  very 
much  decomposed,  being  generally  disintegrated  to  a  fine  white  sand  and 
in  every  case  very  much  iron-stained  ;  it  also  contains  considerable  mechan- 
ical admixture  of  clay  from  the  porphyry,  so  that  it  is  not  always  possible 
to  distinguish  it  with  certainty  from  a  highly  decomposed  White  Porphyry 
from  which  the  earthy  bases  have  been  largely  removed. 

white  Limestone. — The  White  Limestone  has  been  cut  by  several  shafts 
on  Fryer  Hill.  In  its  most  characteristic  form  it  is  found  in  the  Amie  No. 
2,  where  it  was  struck  at  a  depth  of  273  feet  and  has  its  peculiar  light-drab 
color,  compact  texture,  and  the  characteristic  segregations  of  white  chalce- 
dony or  chert.  It  is  also  found  in  the  lower  levels  of  the  Dunkin  and  Climax 
mines,  at  their  southern  extremities,  and  in  the  Eudoraand  Pittsburgh  shafts, 
toward  Little  Stray  Horse  gulch,  where  it  comes  up  to  the  Wash;  likewise 
in  Chrysolite  No.  6. 

Lower  Quartzite. — This  quartzite  has  been  cut  by  various  prospect  shafts 
along  the  western  borders  of  the  hill ;  among  others,  by  the  Little  Eva  No.  5, 
and  by  the  Lida  shaft,  near  Gumming  &  Finn's  smelter,  where  a  small  intru- 
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sive  body  of  White  Porphyry  was  found  in  it.  In  other  portions  it  has 
not  yet  been  actually  cut,  but  its  existence  is  readily  deduced  from  the 
position  of  the  formations  above  it. 

Fryer  Hiii  map.  —  Before  proceeding  to  a  description  of  the  underground 
workings  of  the  various  Fryer  Hill  mines,  it  may  be  well  to  explain  what  is 
intended  to  be  represented  on  the  map  of  that  region  (Atlas  Sheet  XXXI)  in 
somewhat  greater  detail  than  is  given  in  the  legend.  It  has  been  attempted 
here  to  show  on  a  single  sheet  the  actual  surface  of  the  ground,  the  rock- 
surface  beneath  the  Wash  (distinguishing  the  different  formations  which 
make  up  that  rock-surface),  and  the  underground  workings  of  the  various 
mines,  with  the  outlines  of  the  bonanzas  or  ore  bodies,  as  far  as  could  be 
determined  at  the  time  of  examination.  The  attempt  to  delineate  so  much 
on  a  single  sheet  has  resulted  in  a  complication,  which  it  will  require  the 
reader's  closest  attention  to  unravel.  He  must  first  bear  in  mind  that  the 
black  contours  indicate  the  actual  surface  of  the  ground,  and  the  figures 
attached  to  them,  their  relative  elevation  above  the  10,000-foot  curve. 
Second,  that  the  geological  colors  indicate  the  outcrops  of  the  various  rocks 
and  formations  as  they  would  appear  if  the  superincumbent  Wash  material 
(which,  as  shown  by  the  sections,  has  a  thickness  of  from  thirty  to  one  hundred 
feet  over  the  whole  surface)  were  entirely  removed.  Third,  that  the  drifts 
of  the  various  mines  and  the  outlines  of  the  ore  bodies,  as  determined  by 
the  explorations  of  those  drifts  and  shown  in  black  dots,  are  projected  on  a 
plane  surface,  or,  in  other  words,  are  represented  as  if  the  rock  material 
above  them  were  entirely  transparent  and  without  regard  to  its  thickness. 
These  drifts,  while  in  the  main  following  an  approximately  horizontal  plane, 
are  in  many  mines  on  two  or  even  three  different  levels.  Owing  to  their 
approximate  horizontally  it  was  impossible,  without  too  great  complication, 
to  indicate  these  different  levels  by  any  series  of  colors  or  conventional 
signs,  but  figures  have  been  placed  within  the  drifts  to  show  their  elevation 
in  feet  above  the  10,000-foot  curve.  The  map  thus  furnishes  the  data  from 
which  a  section  may  be  constructed  along  any  given  line,  and  from  it  the 
various  sections  represented  on  Atlas  Sheets  XXXII,  XXXIII,  and  XXXIV 
have  been  so  constructed.  In  unexplored  portions  these  sections  are  more 
or  less  ideal,  and  actual  exploration  may  prove  them  to  be  not  absolutely 
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correct.  The  intersections  of  the  drifts  with  these  sections  show  to  what 
degree  the  plane  of  the  section  has  been  actually  explored,  but  the  outlines 
of  the  formations  as  indicated  there  are  determined  also  from  analogy  and 
by  deduction  from  observations  made  in  the  vicinity,  but  not  actually  on 
the  section  plane. 

On  the  surface  map  the  outlines  of  the  various  claims  are  indicated  by 
broken  lines.  These  are  sometimes  difficult  to  trace,  owing  to  their  coinci- 
dence with  lines  of  drifts  or  with  the  blue  lines  representing  the  lines  of 
the  different  sections.  They  are  given  as  accurately  as  could  be  deter- 
mined by  the  engineers  who  had  been  employed  in  surveying  them ;  but, 
as  invariably  occurs  in  rich  mining  districts,  there  are  many  cases  of  con- 
tested boundaries  between  adjoining  claims  which  have  either  been  settled 
by  compromise  or  are  still  in  litigation,  so  that  the  lines  here  given  cannot 
be  assumed  as  officially  and  finally  correct.  The  laying  down  upon  an 
accurate  topographical  map  of  a  mining  district  like  this  of  finally  correct 
side  lines  to  the  many  claims  that  are  there  located,  if  not  an  absolute 
impossibility,  would  require  an  amount  of  time  entirely  incommensurate 
with  the  value  of  the  result  to  be  obtained,  as  can  be  readily  understood 
by  those  familiar  with  the  working  of  the  land  system  of  the  United  States 
as  applied  to  mineral  claims.  In  describing  the  various  mine  workings 
and  ore  bodies  of  this  group,  they  will  be  taken  up  in  geographical  order, 
proceeding  from  west  to  east,  without  regard  to  priority  of  discovery. 

MINE   WORKINGS. 

chrysolite  mine. — The  property  of  the  Chrysolite  Mining  Company  con- 
sists of  the  following  claims:  Carboniferous,  Chrysolite,  Vulture,  Little  Eva, 
Colorado  Chief,  Pandora,  Fair  View,  Kit  Carson,  and  All  Right.  The 
greater  part  of  the  ore  extracted  from  this  property  has  been  obtained  from 
the  first  three  claims.  The  area  occupied  by  the  others,  as  shown  by  the 
map,  is  mostly  west  and  south  of  the  outcrops  of  the  main  ore  body,  indi- 
cated in  dark  blue  crossed  in  black;  in  other  words,  over  this  area  the  ore  has 
been  mainly  removed  by  erosion.  The  Discovery  shaft  of  the  Chrysolite 
has,  so  far  as  known,  discovered  no  ore.  The  first  considerable  ore  body 
was  opened  by  Vulture  No.  1  shaft,  near  the  northern  end  of  this  claim. 
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Soon  after  the  discovery  of  this  ore  body,  it  was  found  by  some  clever 
persons  that,  as  not  unfrequently  happens  in  the  location  of  claims,  a  small 
triangular  piece  of  ground  in  the  immediate  vicinity  of  this  shaft,  about 
thirty-six  feet  by  sixty  on  the  sides  of  the  triangle,  was  left  unclaimed. 
The  shaft  now  called  the  Eaton  shaft  was  at  once  sunk  by  these  men 
and  the  continuation  of  the  Vulture  body  there  discovered.  In  self-defense 
the  Chrysolite  Company  were  obliged  to  buy  out  this  little  claim,  generally 
known  as  the  Triangle,  at  what  at  the  time  seemed  a  very  high  price,  but 
which  was  repaid  to  them  more  than  threefold  by  the  ore  which  they 
extracted  from  the  ground.  A  still  smaller  unoccupied  piece  of  ground 
between  the  end  lines  of  the  Vulture  and  the  Chrysolite,  appropriately 
called  the  Sliver,  was  similarly  taken  up,  and  was  bought  out  by  the 
Chrysolite  Company,  but  has  thus  far  proved  an  unprofitable  purchase. 
This  can  be  distinguished  upon  the  map  by  the  two  shafts,  Sliver  No.  1 
and  Sliver  No.  2,  which  have  been  sunk  upon  it.  The  ore  body  at  the  Eaton 
and  Vulture  No.  1  shafts  was  near  the  outcrop  of  the  upper  iron  body,  and 
therefore  its  limits  to  the  westward  were  soon  reached.  It  was  traced  east- 
ward, descending  irregularly,  but  at  a  low  angle,  as  far  as  the  Carbon- 
iferous-Little Chief  line.  This  ore  body,  though  narrow,  was  extremely 
rich  and  yielded  the  greater  part  of  the  immense  returns  which  were  obtained 
from  the  mine  in  the  earlier  days  of  its  working.  Section  B  shows  its. 
outlines  along  an  east-and-west  line.  From  it  were  obtained  large  masses 
of  chloride  of  silver,  associated  with  cerussite,  a  single  transparent  mass  of 
chloride  which  weighed  several  hundred  pounds  having  been  extracted. 

A  second  ore  body,  parallel  to  this,  was  found  about  one  hundred  feet 
to  the  southward,  which  was  traced  in  a  southeasterly  direction  to  the  New 
Discovery -Vulture  line,  where  it  widened  out  and  then  disappeared.  In  the 
bottom  of  an  east-and-west  drift,  a  little  south  of  this  body,  several  masses 
of  limestone  were  found  below  the  main  ore  body,  which  in  early  days,  before 
the  character  of  the  formation  of  the  ore  was  understood,  much  puzzled 
those  in  charge  of  the  mine.  The  extent  of  this  tinreplaced  limestone  was 
never  determined,  but  it  is  now  evident  that  it  is  simply  a  portion  of  the 
Blue  Limestone,  which  existed  wherever  now  the  body  of  vein  material  is 
found,  and  which,  for  some  reason  or  other,  had  not  been  replaced  by  vein 
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material.  Along  the  Vulture-New  Discovery  line  considerable  unreplaced 
lime-sand  was  also  found  on  top  of  the  iron  body,  extending  into  the  New 
Discovery  ground. 

The  main  ore  body,  which  was  opened  by  the  Vulture  No.  1  and  Eaton 
shafts,  was  traced  a  little  south  of  east  to  the  extreme  southeast  corner  of 
the  Carboniferous  claim,  with  an  average  width  of  about  fifty  feet  and  a 
thickness  of  twelve  to  twenty  feet.  In  the  eastern  portion  it  is  opened  by 
Chrysolite  No.  3  and  Carboniferous,  No.  I1  shafts.  It  ends  quite  abruptly, 
both  on  the  north  and  south,  though  barren  vein  material  is  found  on  either 
side  of  it.  Cross:cutting  drifts  soon  pass  through  this  vein  material  into 
overlying  White  Porphyry,  showing  that  the  ore  body  was  on  the  crest  of 
a  minor  ridge  or  corrugation  in  the  vein  material,  on  either  side  of  which 
is  a  shallow  basin.  That  to  the  south  has  proved  barren  for  a  considerable 
distance  into  the  New  Discovery  ground.  Its  form  is  shown  in  Section  F, 
where  it  is  seen  that  the  upper  portion  consists  largely  of  unreplaced  lime- 
stone. An  ore  shoot  was  also  followed,  descending  in  a  northeasterly  direc- 
tion from  the  Triangle  workings,  which  later  developed  a  large  body  of  ore 
in  the  neighborhood  of  Chrysolite  No.  4  shaft.  In  these  older  workings 
the  rich  ore  consisted  mainly  of  carbonate  of  lead  and  chloride  of  silver, 
with  a  comparatively  small  amount  of  galena.  In  the  vein  material  a  blue- 
black  chert  is  prominently  found,  occurring  in  bodies  up  to  ten  feet  in  thick- 
ness. From  this  impure  silica  it  passes  into  silicious  iron  and  then  into  a 
clayey  limonite,  more  or  less  impregnated  with  oxide  of  manganese,  the 
extreme  form  of  which,  known  to  miners  as  "black  iron,"  is  a  sort  of  impure 
wad.  These  were  the  early  workings  of  the  mine,  made  in  the  upper  ore 
horizon. 

Explorations  were  also  conducted  westwardly  by  a  drift  running  a 
short  distance  south  from  Vulture  No.  1  and  then  west  to  Vulture  No.  2. 
The  workings  of  Vulture  No.  2  shaft  disclosed  a  considerable  body  of  vein 
material,  about  twenty-five  feet  in  thickness,  immediately  underlying  the 
Wash,  containing  a  little  ore,  and  passing  to  the  south  into  lime-sand. 
To  the  west  of  this  is  a  coarse  decomposed  quartzite,  which  is  assumed  to 
represent  Parting  Quartzite  at  the  base  of  Blue  Limestone.  The  connect- 

1  Wrongly  marked  No.  7  on  the  map. 
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ing  drift  between  Vulture  No.  1  and  Vulture  No.  2  is  mainly  in  very  much 
decomposed  Gray  Porphyry,  distinguishable  by  its  mottled  appearance  and 
occasional  large  crystals  of  feldspar.  White  Porphyry  separates  this  from 
the  ore  body  of  Vulture  No.  2,  and  the  contact  between  the  two  porphyries, 
which  dips  to  the  eastward,  is  slightly  iron  stained.  The  ore  body  of  Vult- 
ure No.  2  evidently  represents  a  small  portion  of  the  Blue  Limestone,  split 
off  from  the  main  body  by  the  lower  White  Porphyry  and  by  this  intrusive 
sheet  of  Gray  Porphyry,  which  is  assumed  to  -be  the  same  found  in  New 
Discovery  No.  5,  which,  extending  across  Little  Stray  Horse  gulch,  connects 
with  the  lower  body  on  Carbonate  Hill.  The  drift,  in  a  southwesterly  direc- 
tion, from  Vulture  No.  1  to  Colorado  Chief  No.  2,  also  crosses  this  body  of 
Gray  Porphyry.  Midway  between  the  two  shafts  the  top  of  the  drift  cuts 
a  body  of  fine  conglomerate,  resting  immediately  upon  the  porphyry  and 
apparently  belonging  to  the  Lake  bed  formation.  In  the  southeast  corner 
of  this  drift  a  winze  has  been  sunk  to  a  depth  of  86  feet,  passing  through 
the  Gray  Porphyry  sheet  into  an  underlying  iron  body,  from  which  ore 
assaying  72  ounces  to  the  ton  was  taken.  The  winze  was  abandoned  on 
account  of  the  difficulty  of  handling  water;  but  its  exploration  proved  suffi- 
ciently that  the  Gray  Porphyry  is  a  sheet  dipping  northeastward  with  the 
formation  and  that  a  second  iron  body  occurs  below  it.  A  large  outcrop 
of  Blue  Limestone,  partially  replaced  on  its  upper  surface  and  represented 
on  the  map  in  the  Kit  Carson,  Fairview,  Pandora,  Colorado  Chief,  and 
New  Discovery  claims,  belongs  to  this  lower  body,  which  is  separated  from 
the  main  upper  ore  body  by  the  cross-cutting  White  and  Gray  Porphyries. 
The  outlines  given  on  the  map  are  determined  mainly  by  data  derived  from 
the  dumps  of  a  few  abandoned  shafts,  and  therefore  are  probably  not  abso- 
lutely correct.  Its  widest  part  is  in  the  line  of  Section  F,  between  Colo- 
rado Chief  No.  1  and  Pandora  No.  3  shafts,  the  latter  finding  some  vein 
material  at  its  base. 

The  portions  of  the  mine  thus  far  described,  and  which  are  shown  in 
the  southern  and  western  ends  of  Sections  L,  F,  arid  B,  respectively,  were 
opened  in  the  early  days  of  ore  development  in  the  district,  when  it  was 
supposed  that  the  ore  bodies  would  probably  be  found  to  take  a  downward 
direction  towards  the  unknown  sources  below,  from  which  they  are  gener- 
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ally  supposed  to  come.  Mining  was,  therefore,  conducted  without  any  defi- 
nite system.  Drifts  were  run  here  and  there,  up  and  down,  wherever  ore 
could  be  found,  so  that  it  was  extremely  difficult  in  traversing  them  to  form 
a  clear  idea  of  the  actual  extent  and  form  of  the  ore  bodies  or  to  know 
whether  or  not  important  ground  still  remained  unprospected.  When  Mr. 
W.  S.  Keyes  took  charge  of  the  mine  a  new  and  more  rational  system  of 
development  was  adopted.  A  large  three-compartment  shaft,  the  Roberts 
shaft,  was  sunk  in  what  it  was  supposed  was  the  deepest  part  of  the  ore 
horizon,  and  from  this  shaft  a  system  of  horizontal  drifts  was  run  off  at  two 
or  three  different  levels,  with  a  regular  system  of  rectangular  cross-cuts  at 
given  distances.  In  this  way  it  was  possible  to  map  out  the  shape  of  the 
ore  bodies,  and  it  soon  became  evident  that  the  vein  material  occurred  as  an 
interstratified  mass  between  two  sheets  of  porphyry,  somewhat  irregular 
and  corrugated,  but  basining  up  to  the  surface  on  the  southwest  and  north- 
west. With  the  increased  facilities  for  handling  ore  given  by  a  large  shaft 
and  by  level  tramways  leading  from  every  part  of  the  mine  to  it,  the  work 
of  exploration  could  be  pushed  much  more  rapidly  and  the  extraction  ot 
ore  proportionately  increased.  The  old  workings  of  ihe  mine  were  further 
explored  and  considerable  ore  was  discovered  where  the  bonanzas  had  been 
supposed  to  be  exhausted.  Entirely  new  bodies  of  ore  were  also  found  to 
the  west  and  northwest  of  the  shaft,  continuing  irregularly  up  to  the  out- 
crop as  shown  on  Sections  A,  K,  and  L.  None  of  these  bodies  was  of  so 
great  continuous  extent  or  so  rich  in  silver  as  the  main  ore  body  extending 
eastward  from  Vulture  No.  1.  The  most  extensive  and  the  richest  was  that 
developed  near  Chrysolite  No.  4. 

In  the  drifts  running  southward  from  the  Roberts  shaft  to  con- 
nect with  the  Chrysolite  No.  1  workings  a  body  of  Gray  Porphyry 
thirty  to  forty  feet  in  thickness  was  cut,  which  has  since  been  traced 
eastward  as  far  as  the  Robert  E.  Lee  mine.  In  the  Chrysolite  ground 
this  body  of  porphyry  has  a  dip  of  45°  to  the  northeast,  but  farther  north 
it  stands  apparently  nearly  vertical,  and  is,  therefore,  assumed  to  be  an 
interrupted  dike.  It  extends  much  farther  east  and  west  than  is  shown  on 
the  map,  being  exposed  by  drifts  from  the  lower  levels  where  it  is  wanting 
in  these  directly  above  them,  showing  that  it  tapers  upwards.  In  the  north- 
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west  portions  of  the  workings  a  few  feet  of  Weber  quartzite  are  found  above 
the  ore  body,  sometimes  in  direct  contact  with  it  and  again  separated  by  a 
slight  thickness  of  White  Porphyry;  and  in  the  extreme  northwest  work- 
ings the  Parting  Quartzite  is  found  beneath  the  ore  body,  between  it  and 
the  underlying  White  Porphyry,  showing  that  here  the  entire  thickness  of 
the  original  Blue  Limestone  horizon  is  represented,  compressed  to  a  thick- 
ness of  sixty  to  eighty  feet.  At  the  bottom  of  the  Roberts  shaft  10  feet  of 
quicksand  were  passed  through,  which  probably  represents  the  disintegrated 
Parting  Quartzite.  The  main  west  drift  from  the  Roberts  shaft  on  the  284- 
foot  level,  which  runs  a  little  south  of  west,  passes  for  the  first  hundred  feet 
through  iron  vein  material  containing  some  pay  ore,  then  for  150  feet  through 
block  (White)  Porphyry,  then  into  a  second  body  of  iron  vein  material,  at 
the  extremity  of  which  is  some  lime  sand,  succeeded  by  Parting  Quartzite, 
all  dipping  gently  to  the  eastward.1  This  is  evidently  the  continuation  of 
the  ore  horizon  developed  in  Vulture  No.  2,  but  it  is  noticeable  that  the 
Gray  Porphyry  found  between  that  shaft  and  Vulture  No.  1  is  here  want- 
ing, showing  that  its  northern  limit  has  been  reached.  The  lower  iron 
body  does  not  extend  much  north  of  this  drift  either,  since,  as  shown  in 
Section  A,  the  drift  westward  from  Chrysolite  No.  4  finds  the  Parting 
Quartzite  directly  under  the  main  or  upper  iron  body. 

In  this  northwestern  quarter  of  the  Chrysolite  ground  the  body  of  vein 
material  has  averaged  from  sixty  to  eighty  feet  in  thickness  from  its  out- 
crops eastward  and  southward.  In  this  vein  material  the  bodies  of  rich  ore 
are  necessarily  difficult  to  define,  as  they  are  simply  concentrations  of  lead 
and  silver  minerals.  The  whole  mass  contains  more  or  less  of  these  metals, 
of  which  a  certain  arbitrary  percentage  is  required  to  constitute  pay  ore. 
The  ore  consists,  as  in  other  parts  of  the  mine,  mainly  of  carbonate  of  lead 
and  cWoride  of  silver.  The  discarded  iron  vein  material,  which  is  extracted 
from  the  mine  and  accumulates  on  the  dumps,  constitutes  a  low-grade  ore 
which  it  will  doubtless  some  day  be  found  profitable  to  work. 

!  Since  the  completion  of  field-work  this  drift  has  been  pushed  farther  westward  than  indicated 
on  the  map,  and  has  passed  throngh  the  White  Limestone  into  the  Lower  Qnartzite,  showing  that  the 
outlines  given  on  the  map,  though  from  somewhat  meager  data,  are  in  tbe  main  correct  and  that  the 
formations  basin  np  to  the  westward.  This  drift  has  also  discovered  a  westwardly  dip  in  the  Lower 
Qnartzite,  proving  further  the  existence  of  the  anticline  which  had  been  assumed  to  exist  here. 
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To  the  northeast  of  the  Roberts  shaft  pay  ore  is  cut  off  by  a  body  of 
black  iron,  into  which  it  passes  so  abruptly  that  the  latter  often  forms  a 
wall  20  feet  in  height.  Above  the  black  iron  is  a  body  of  blue  lime-sand 
about  one  hundred  feet  in  extent.  Beyond  the  ore  stopes  in  the  vicinity  of 
the  shaft,  exploring  drifts  on  the  lower  (284-foot)  level  connect  to  the  north- 
ward with  Carboniferous  No.  5  shaft,  and  from  there  to  the  westward  with 
Chrysolite  No.  5  shaft  by  an  up-raise  to  the  316-foot  level,  all  in  barren 
vein  material.  From  Carboniferous  No.  5,  the  bottom  of  which  is  in  disin- 
tegrated Parting  Quartzite  similar  to  that  cut  in  the  Roberts  shaft,  a  drift 
runs  due  north  through  White  (block)  Porphyry  and  at  200  feet  from  the 
shaft  cuts  White  Limestone,  which  is  slightly  iron-stained  at  the  upper  sur- 
face. Still  farther  north,  beyond  the  limits  of  the  Chrysolite  claims,  the 
Silver  Wing  shaft  was  sunk  through  White  Porphyry  into  a  body  of  iron 
vein  material,  which  is  evidently  a  replacement  of  the  upper  portion  of  the 
White  Limestone.  Explorations  were  conducted  here  under  great  difficul- 
ties, owing  to  the  immense  in-rush  of  water,  and,  so  far  as  they  went,  did 
not  disclose  enough  pay  ore  to  justify  the  owners  in  pursuing  them  further. 

The  evidence  of  these  northern  workings  is  very  conclusive  as  to  the 
basining-up  of  the  formation  to  the  northwest,  and  this  evidence  is  further 
confirmed  by  the  several  shafts  to  the  east  of  the  Silver  Wing,  the  Buck- 
eye, Hazzard,  Hercules,  Comique,  and  0.  K.,  all  of  which  have  found  a 
considerable  body  of  iron  vein  material,  either  at  the  rock  surface  or  under 
a  thin  covering  of  White  Porphyry,  which  represents  the  outcrop  in  this 
direction  of  the  Blue  Limestone  horizon.  As  in  the  Silver  Wing,  the  great 
in-rush  of  water  has  proved  a  bar  to  extended  explorations  from  these  shafts. 

The  Gray  Porphyry  dike  separates  the  two  main  ore  shoots  of  the 
Chrysolite  ground.  Little  can  be  determined  about  the  form  of  this  body 
in  depth,  as  explorations  have  not  proved  it  below  the  Blue  Limestone  hori- 
zon. It  may  be  simply  a  transverse  sheet,  cutting  diagonally  across  the 
formations  and  assuming  a  vertical  position  as  it  approaches  the  present 
rock  surface.  Still,  its  form,  so  far  as  traced,  is  sufficiently  characteristic  of 
the  dike  type  to  justify  the  assumption  that  it  is  rather  a  true  dike  than  a 
transverse  sheet,  though  the  distinction,  so  far  as  the  deposition  of  ore  is  con- 
cerned, is  comparatively  unimportant.  It  is  distinctly  later  than  the  White 
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Porphyry,  as  are  the  transverse  sheets  of  Gray  Porphyry  already  noticed, 
and  like  them  its  influence  has  been  favorable  to  the  deposition  of  rich  ore. 
It  should  not,  however,  be  regarded  as  a  dike  cutting  through  the  ore 
bodies,  since  it  was  evidently  intruded  before  ore  deposition  commenced. 
Its  exact  relations  to  the  original  ore  bodies  are  now  difficult  to  define,  for 
these  were  probably  deposited  in  the  form  of  sulphurets  in  a  much  larger 
proportion  of  unreplaced  limestone  than  now  exists,  and  the  secondary 
action  of  oxidation,  which  has  been  going  on  ever  since,  has  evidently  in- 
creased the  volume  of  vein  material  and  reduced  that  of  the  unreplaced 
limestone.  The  probability  is  that,  as  in  cutting  across  the  formation  this 
body  probably  interrupted  some  of  the  natural  water  channels  along  the 
contact  planes  of  different  rock  formations,  it  caused  a  partial  stagnation  of 
the  ore  currents  in  its  vicinity  and  thus  favored  precipitation  and  replace- 
ment action  there. 

The  ore  bodies  are  continuous  around  its  western  end  from  the  Trian- 
gle workings  to  Chrysolite  No.  4,  and  it  is  probable  that  its  western  limit  is 
not  far  from  that  indicated  by  its  outcrop  on  the  map,  as  otherwise  it  would 
have  been  cut  by  some  of  the  drifts  in  this  portion  of  the  mine,  which, 
owing  to  the  basining-up  of  the  formation  here,  reach  lower  horizons  than 
elsewhere.  The  ore  bodies  are  also  practically  continuous  across  the  line 
of  the  dike  along  the  Carboniferous-Little  Chief  line,  but  here  the  dike  is 
proved  to  exist  under  these  ore  bodies  by  drifts  at  lower  levels,  and  the  in- 
ference, therefore,  is  that,  as  the  dike  did  not  extend  up  to  the  upper  sur- 
face of  the  Blue  Limestone,  ore  deposition  went  on  uninterruptedly  across 
this  break  in  its  upper  line.  It  was  just  to  the  north  of  the  dike,  in  the 
Little  Chief  ground,  that  the  thickest  body  of  pay  ore  was  found.  The  ore 
body  in  the  extreme  southeastern  portion  of  the  Carboniferous  claim  was  also 
very  thick;  but,  being  among  the  earlier  discoveries,  the  workings  had 
caved  at  the  time  of  visit  and  could  not  be  examined;  12  feet  of  lime-sand 
and  24  feet  of  ore  are  said  to  have  been  cut  by  this  shaft. 

New  Discovery. — The  New  Discovery  claim  adjoins  the  Carboniferous  and 
Chrysolite  on  the  south  and  the  Vulture  on  the  east,  and  geographically 
forms  part  of  the  ground  just  described,  though  it  belongs  to  the  Little 
Pittsburgh  Mining  Company,  the  claim  of  that  name  lying  entirely  to  the 
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east  of  the  Little  Chief,  which  separates  it  from  the  above  claims.  This 
and  the  Little  Pittsburgh  were  the  first  mines  worked  in  this  region,  and 
at  the  time  of  examination  the  larger  ore  bodies  had  been  stoped  out  and 
the  stopes  were  filled  up,  so  that  but  imperfect  data  could  be  obtained  with 
regard  to  them.  The  ore  body  was  nearly  continuous  on  a  north-and  south 
line  from  the  Carboniferous  ground  to  New  Discovery  No.  2  shaft.  It 
consisted  mainly  of  sand  carbonate,  with  chloride  of  silver,  and  had  an 
unusual  amount  of  barite  in  the  gangue.  This  ore  occurred  mainly  in  the 
upper  part  of  the  ore  horizon,  resting  in  general  on  chert,  with  barren  iron 
and  clay  below.  This  same  upper  ore  body  also  covered  a  considerable 
area  northwest  of  No.  2  shaft,  and  was  expected  to  prove  continuous  over 
the  greater  part  of  the  claim  in  that  direction.  As  it  approached  No.  4 
shaft,  however,  it  gradually  gave  way  to  a  mass  of  chert,  which  sometimes 
occupied  the  whole  horizon,  and  which  along  the  Vulture  line  was  overlaid 
by  a  considerable  body  of  lime-sand  and  unreplaced  dolomite.  On  this 
northwest  line  a  few  small,  scattered  bodies  of  rich  ore  were  found,  but  just 
to  the  northeast  of  it  is  the  barren  zone,  already  noticed  in  the  Chrysolite 
ground,  which  seems  to  occupy  a  trough  in  the  formation,  the  ore  horizon, 
represented  by  comparatively  barren  vein  material,  descending  towards  its 
axis  from  either  side  These  descents  are  sometimes  so  abrupt  as  to  suggest 
a  slight  movement  of  displacement.  To  the  southwest  of  this  line  the  ore 
bodies,  which  are  very  irregularly  distributed,  extend  up  to  the  Wash.  They 
follow  two  radiating  lines  from  the  main  ore  body,  the  one  in  the  direction 
of  No.  1  shaft,  the  other  intermediate  between  that  and  the  drifts  running 
to  No.  4.  In  either  case  the  ore  bodies  descend  to  the  southwest,  which 
would  at  first  seem  a  contradiction  to  the  statement  that  the  formation  has 
a  general  dip  northeast.  The  fact  is,  however,  that  the  rock-surface,  like 
the  surface  of  the  ground,  descends  here  towards  Little  Stray  Horse  Creek, 
and  these  ore  bodies,  which  are  all  that  erosion  has  left,  belong  to  the 
lower  part  of  the  ore  horizon.  It  therefore  suggests  itself  that,  if  this  lower 
portion  had  been  thoroughly  prospected  in  other  portions  of  the  mine,  other 
ore  bodies  might  have  been  found.  Owing  to  the  imperfection  or  want  of 
surveys,  it  is  impossible  to  say  whether  this  has  been  done  or  not. 
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New  Discovery  No.  1  shaft  is  that  in  which  the  original  discovery  of 
ore  was  made  on  the  claim  by  George  Fryer,  at  a  depth  of  60  feet.  The 
iron  body  was  only  20  feet  thick,  and  this  shaft  then  passed  into  the  under- 
lying White  Porphyry.  The  small  thickness  of  the  iron  body  is  here  due  to 
the  fact  that  the  upper  portion  of  the  ore  horizon  has  been  eroded  off.  In 
later  times  considerable  exploration  has  been  done  from  the  shaft  to  deter- 
mine whether  the  ground  to  the  south  is  ore-bearing  or  not.  Diamond-drill 
borings  were  made  from  an  east  drift  at  a  depth  of  165  feet  below  the  top 
of  the  shaft,  both  eastward  in  a  horizontal  direction  and  vertically  down- 
wards. Neither  found  any  ore  bodies.  The  vertical  drill  penetrated  to  a 
depth  of  over  one  hundred  and  seventy-five  feet,  making  a  distance  of  340 
feet  in  all  below  the  surface.  It  passed  through  the  porphyry,  finding  a 
thin  streak  of  iron  vein  material  in  its  midst,  into  the  Silurian  formation, 
and  apparently  through  that  into  the  Lower  Quartzite  or  Cambrian.  Fre- 
quent assays  of  the  cores  were  made  by  Mr.  Rudolph  Keck,  and  a  slight 
trace  of  silver,  amounting  in  some  cases  to  ten  ounces  to  tlu  ton,  was  found 
in  most  of  the  material  passed  through,  but  no  evidence  of  any  ore  bodies. 

To  the  southward  a  drift  was  run,  descending  from  10,347  to  10,316 
feet  elevation,  which  passed  through  White  and  Gray  Porphyries,  finding  a 
small  streak  of  iron  oxide  at  the  contact  of  the  two.  In  the  Gray  Porphyry 
body  the  drift  turns  abruptly  east  to  connect  with  No.  5  shaft,  which  it 
does  at  100  feet  below  the  surface.  This  shaft  was  sunk  to  a  depth  of  185 
feet,  and,  judging  from  the  material  on  the  dump,  must  have  passed  through 
the  Gray  and  White  Porphyry  bodies  and  the  Parting  Quartzite  into  the 
White  Limestone. 

An  exploring  shaft  (No.  6)  was  also  sunk  on  the  ridge  south  of  Little 
Stray  Horse  gulch,  at  the  southern  extremity  of  the  claim.  It  was  driven 
somewhat  intermittently,  and  could  not  therefore  be  closely  followed.  The 
rocks  passed  through  were  approximately  as  follows:  Wash,  120  feet;  Gray 
Porphyry,  40  feet:  Blue  Limestone,  60  feet;  Parting  Quartzite,  20  feet; 
White  Limestone,  20  feet.  This  is  on  the  south  side  of  the  shallow  anti- 
cline assumed  to  exist  under  Little  Stray  Horse  gulch.  The  structure,  as 
well  as  could  be  deduced  from  the  meager  data  obtainable  in  this  part  of 
the  region,  is  shown  on  Sections  C  and  K.  The  body  of  Gray  Porphyry, 
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which  is  here  in  the  Blue  Limestone,  is  assumed  to  be  the  same  sheet  which 
occurs  in  the  lower  White  Porphyry  at  No.  5  shaft,  and  which  is  gradually 
cutting  up  to  a  higher  horizon  as  one  goes  south,  reaching  the  upper  White 
Porphyry  in  the  Lower  Henriett  ground. 

From  the  relative  elevation  of  the  Blue  Limestone  in  this  shaft  and  in 
the  adjoining  shafts  to  the  southeast,  the  Pearson  (S— 14)  shaft  of  the 
Gambetta  claim,  the  Joe  Bates  (S-26)  shaft  of  the  Stray  Horse  claim,  and 
the  Vanderbilt  (S— 25)  shaft,  there  is  evidently  a  break  or  a  sharp  fold  in 
the  formation  to  the  east  of  this  shaft.  On  the  section  both  are  assumed  to 
exist,  and  the  fault  to  be  the  northern  continuation  of  the  Carbonate  fault. 
It  must  be  stated,  however,  that  it  has  not  yet  been  cut  on  this  ridge,  and  in 
so  far  its  existence  is  a  matter  of  pure  hypothesis.  There  is  unquestionably 
an  anticlinal  fold  here,  however,  which  can  be  traced  northeastward  into 
the  Dunkin  ground. 

Little  chief. — This  claim  is  analogous  to  that  of  the  Evening  Star,  on 
Carbonate  Hill,  in  that,  being  a  narrow  piece  of  ground  left  between  two 
adjoining  claims,  it  included  within  its  area  an  unusually  large  proportion 
of  ore-bearing  ground.  Its  width  is  only  250  feet,  instead  of  the  normal 
300,  and  the  title  to  part  of  this  was  contested  by  the  overlapping  of  the 
south  end  of  the  Little  Pittsburgh  claim.  The  outlines  of  the  full  claim 
are  given  on  the  map,  as  well  as  the  broken  line  which  was  adopted  as  a 
compromise  boundary  between  the  contesting  claims.  As  in  the  ground 
previously  described,  there  are  two  main  ore  bodies,  a  southern  and  a 
northern,  separated  by  the  porphyry  dike  and  an  area  of  bai-ren  ground. 
The  porphyry  dike  does  not,  however,  reach  the  rock  surface,  as  far  as 
known,  and  in  the  western  portion  of  the  claim  the  ore  body  is  continuous 
over  it,  and  forms  a  connection  between  the  northern  and  southern  bodies 
along  the  Carboniferous  and  New  Discovery  lines.  Here  also,  the  southern 
body,  at  its  outcrop  immediately  beneath  the  Wash,  was  the  first  opened. 
The  original  workings  were  reached  through  the  small  shafts  Nos.  1,  2,  5,' 
and  7,  and  were  driven  irregularly,  following  the  ore  shoots.  No.  1  found 
the  ore  directly  beneath  the  Wash,  at  a  depth  of  fifty  to  sixty  feet  below 
the  surface,  in  a  thickness  of  ten  to  twelve  feet.  The  shaft  was  afterwards 

1  No.  5,  which  is  the  southernmost  shaft  on  the  claim,  is  wrongly  numbered  on  the  map  No.  3. 
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sunk  through  the  underlying  White  Porphyry  and  reached  the  Silurian 
formation  at  a  depth  of  198  feet,  finding  2  feet  of  iron1  at  the  top  and 
penetrating  it  16  feet.  No.  5  shaft,  due  south  of  this,  after  passing  through 
63  feet  of  Wash,  struck  the  underlying  White  Porphyry,  and  reached  the 
Silurian  formation  at  a  depth  of  159  feet.  The  ore  bodies  reached  from 
No.  1  shaft  are  at  an  elevation  of  about  10,400  feet,  and  lie  directly  beneath 
the  Wash.  Those  opened  by  No.  7  shaft  are  about  fifty  feet  lower,  and  are 
covered  by  White  Porphyry  and  by  a  thin  sheet  of  Gray  Porphyry  which  is 
seen  in  a  drift  leading  from  No.  2  shaft.  The  ore  body  in  this  portion  of  the 
workings  was  nearly  horizontal  and  from  one  to  two  and  a  half  sets  of  timber 
in  thickness  (8  to  20  feet).  North  of  No.  2  shaft,  however,  the  formation 
dips  rapidly  to  the  northward,  and  on  the  line  of  Section  J  a  considerable 
body  of  unreplaced  Blue  Limestone,  occupying  almost  the  whole  thickness 
of  the  ore  horizon  and  underlaid  by  Parting  Quartzite,  is  developed  by  an 
up-raise  from  the  320-foot  level ;  a  little  south  of  this  up-raise  iron  is  found 
to  rest  directly  on  the  Parting  Quartzite,  thus  affording  a  direct  proof  that 
it  replaces  the  limestone.  A  drift  runs  east  and  west  150  feet,  at  the  level 
of  the  bottom  of  the  up-raise,  in  this  body  of  unreplaced  limestone.  This 
body  of  limestone  differs  from  the  smaller  masses  of  lime-sand  hitherto 
observed,  in  that  the  ore  deposition  has  gone  on  above  rather  than  below  it. 
Gray  Porphyry  dike. — The  dike  lies  immediately  north  of  this  body  of  un- 
replaced limestone.  So  far  as  observed  it  nowhere  reaches  the  rock  surface 
within  this  claim,  but  ends  at  the  top  in  a  rounded  end,  as  shown  in  Section 
J.  Shaft  No.  3,  near  the  Carboniferous  line,  is  sunk  through  Wash  into 
ore,  and  at  its  bottom  is  directly  in  the  dike.  By  the  outlines  of  the  dike, 
shown  on  the  sides  of  this  shaft,  it  is  seen  that  it  here  stands  nearly  vertical, 
dipping  at  a  steep  angle  to  the  north.  Drifts  to  the  north  and  east  from 
the  bottom  of  the  shaft  pass  out  of  the  Gray  Porphyry  directly  into  the 
ore  body,  and  cross-cuts  south  from  the  main  eastern  drift  strike  it  again,  in 
some  cases  stopping  at  the  dike,  in  others  passing  through  or  over  it  to  connect 
with  the  south  workings.  The  ground  along  the  Carboniferous-Little  Chief 
line  on  the  line  of  the  dike  was,  at  the  time  of  visit,  a  mass  of  crushed 

1  The  term  "  iron,"  as  used  in  these  descriptions,  is  the  miner's  abbreviation  for  vein  material 
carrying  more  or  less  iron  oxide. 
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timbers,  filling  old  stopes  which  were  completely  inaccessible,  so  that  its 
connection  between  observed  points  in  Little  Chief  and  Carboniferous 
ground  could  not  be  examined.  For  this  reason,  in  Section  B,  which  passes 
through  this  portion,  the  dike  has  not  been  represented  at  all,  though  the 
plane  of  the  section  would  cross  it  diagonally,  and  it  undoubtedly  is  cut  by 
that  plane  in  some  point.  It  is  said  that  it  is  only  4  feet  in  thickness  at 
this  point,  and  that  ore  existed  both  above  and  below  it;  this  statement 
must,  however,  be  accepted  cum  grano  salis. 

Immediately  north  of  No.  3  shaft  an  exceptionally  thick  body  of  ore 
was  found,  composed  almost  entirely  of  sand  carbonates,  mixed  with  a  certain 
amount  of  clay  and  iron  oxide.  It  extended  at  its  maximum  development 
eight  sets  of  timber  above  and  two  below  the  level  from  the  bottom  of  that 
shaft,  or  about  ninety  feet  vertically,  connecting  to  the  westward  with  the 
Carboniferous  ore  body. 

The  newer  workings  of  the  mine  are  opened  by  two  large  three-com- 
partment shafts,  the  Daly  shaft  and  No.  4  shaft,  from  which  regular  rectan- 
gular systems  of  drifts  are  run.  The  greatest  and  most  continuous  develop- 
ment of  ore  is  along  the  northern  flanks  of  the  dike,  but  the  great  thickness 
of  pay  ore  found  near  No.  3  shaft  seems  to  be  local  in  character,  as  at  120 
feet  north  it  has  decreased  to  10  feet  in  thickness,  and  at  the  bottom  of  No. 
4  shaft  it  is  only  five  or  six  feet  thick.  No  very  large  bodies  of  ore  have 
been  found  north  of  No.  4  shaft,  but  a  number  of  small  chambers  and  pock- 
ets have  been  found  south  and  west  of  the  Daly  shaft.  This  shaft  passed 
through  103  feet  of  Wash,  20  feet  of  decomposed  White  Porphyry,  and  50 
feet  of  silicious  iron.  To  the  north  of  it  several  small  bodies  of  dark,  coarsely- 
crystalline  blue  limestone  were  found  in  the  vein  material,  but  no  consider- 
able ore  bodies.  The  formation,  as  shown  on  Section  J,  is  horizontal,  or 
rising  a  little  to  the  north,  but  to  the  northeast,  beyond  the  Daly  shaft,  it  soon 
commences  to  dip  at  a  considerable  angle,  and  yields  considerable  water, 
which  forms  a  serious  impediment  in  prospecting.  Except  in  the  north- 
eastern portion,  the  Little  Chief  ground  may  be  considered  to  have  been  very 
thoroughly  prospected,  and,  as  shown  by  the  map,  little  or  no  useless  expense 
has  been  incurred  in  prospecting  at  the  southern  end  of  the  claim,  where  the 
ore  horizon  has  been  removed  by  erosion.  The  ore  itself  differs  in  no  essen- 
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tial  point  from  that  taken  from  the  adjoining  mines.  In  the  commence- 
ment it  was  smelted  in  a  furnace,  belonging  to  the  company,  situated  near 
the  shafts,  and  built  on  a  very  uncertain  foundation,  as  with  large  chambers 
opened  so  near  the  surface  the  ground  was  bound  to  settle.  It  was  soon  found 
impracticable,  moreover,  to  smelt  with  the  ore  of  a  single  mine,  and  the  ad- 
vantage gained  in  transportation  for  its  own  ore  was  more  than  counterbal- 
anced by  the  cost  of  that  brought  from  other  mines.  This  scheme  was,  there- 
fore, soon  abandoned,  and  the  slags  were  afterwards  used  as  a  low-grade  ore. 

Little  Pittsburgh.  —  Besides  the  New  Discovery  claim,  already  described, 
the  Little  Pittsburgh  Company  owns  also  the  Little  Pittsburgh  and  Dives 
claims,  which  occupy  the  area  between  the  Little  Chief  and  Amie  claims, 
and  overlap  each,  so  that  a  compromise  boundary  line  has  been  adopted  in 
either  case  between  them.  As  in  the  ground  previously  described,  there 
are  two  distinct  ore  bodies;  the  one  at  the  outcrop,  the  other  immediately 
north  of  the  dike.  The  dike  itself  is  here  more  clearly  defined  than  before, 
and  stands  with  a  dip  of  70°  to  the  north.  In  the  body  of  vein  material 
are  found  several  thin  sheets  or  stringers  of  porphyry,  probably  offshoots 
from  the  sheets  of  White  Porphyry,  which  in  the  adjoining  ground  of  the 
Amie  mine  have  split  the  Blue  Limestone,  now  represented  by  sheets  of 
vein  material,  into  three  distinct  portions,  as  shown  in  Section  H. 

The  first  prospecting  shaft  sunk  on  Fryer  Hill  was  the  Little  Pitts- 
burgh No.  1  shaft,  and  by  a  singular  coincidence  not  only  is  this  the  point 
where  the  overlying  Wash  has  the  least  thickness  over  the  entire  surface  of 
the  hill,  but  it  is  where  the  rock  surface  is  highest  west  of  the  Amie  claim, 
and  is  in  the  midst  of  one  of  the  most  important  ore  bodies  of  the  region. 
The  shaft  is  36  feet  deep,  of  which  depth  20  feet  is  in  Wash  and  16  feet  in 
ore.  Near  the  bottom  of  the  shaft  is  a  large  bowlder  of  Sacramento  Por- 
phyry which  has  fallen  from  the  Wash,  and  whose  under  surface  is  polished 
and  striated,  showing  that  in  its  passage  from  the  head  of  Evans  gulch  it 
probably  was  fastened  in  the  bottom  of  the  Evans  glacier.  The  ore  body 
opened  by  No.  1  shaft  is  only  the  relic  of  a  much  larger  mass  that  has  been 
partially  removed  by  erosion,  as  is  shown  graphically  in  Section  I.  It 
will,  therefore,  be  understood  that  the  description  applies  to  this  relic, 
not  to  the  original  body.  To  the  south  it  thins  out  rapidly,  having  dimin- 
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ished  to  4  feet  at  40  feet  and  to  18  inches  at  70  feet  from  the  shaft.  In 
the  end  of  the  south  drift,  underlying  White  Porphyry  and  overlying  Wash 
are  both  visible.  An  east-and-west  drift  explores  the  whole  width  of  the  ore 
b.ody,  reaching  continuously  into  Little  Chief  ground.  The  body  is  nearly 
level,  and  in  the  southern  portion  has  a  slight  inclination  to  the  south.  Its 
greatest  thickness  is  from  sixteen  to  twenty  feet.  Wherever  its  upper  sur- 
face has  been  reached,  the  Wash  is  found  resting  directly  on  it.  West  of 
No.  1  shaft  the  underlying  White  Porphyry  comes  up  to  the  level  of  the 
east-and-west  drift  just  south  of  that  drift  and  dips  gently  to  the  northward 
on  the  other  side  of  the  drift.  East  of  the  No.  1  shaft,  near  the  boundary 
of  the  claim,  the  ore  horizon  consists  principally  of  chert.  Following  this 
boundary  northward  the  chert  passes  into  black  iron,  and  contains  thin 
sheets  of  White  Porphyry  from  one  foot  to  two  feet  in  thickness.  In  the 
abandoned  workings  just  south  of  No.  2  shaft  a  winze  was  sunk  120  feet, 
entirely  through  White  Porphyry,  which  was  finally  abandoned  on  account 
of  great  influx  of  water. 

At  No  2  shaft  the  ore  body  was  17  feet  thick,  and  lay  immediately 
beneath  the  Wash.  About  thirty  feet  north  of  this  shaft  the  first  White 
Porphyry  in  place  was  found  overlying  the  ore.  North  of  this  line  the 
ore  horizon,  which  hitherto  has  been  very  flat,  dips  rapidly  to  the  north, 
the  incline  which  follows  it  descending  20  feet  in  a  distance  of  50  feet. 
From  the  foot  of  this  incline  run  connecting  drifts  to  the  northern  body, 
which  develop,  on  the  ore  horizon  and  immediately  above  the  underlying 
porphyry,  masses  of  manganiferous  iron  and  compact  reddish  chert,  coated 
frequently  with  crystals  of  pyrolusite.  The  chert  which  is  developed  in 
the  ore  horizon,  and  which  is  one  of  the  normal  replacement  products  of 
the  Blue  Limestone',  though  very  similar,  yet  differs  somewhat  from  the 
concretions  of  chert  found  in  the  unaltered  limestone,  and  which  are  very 
commonly  included  in  the  White  Porphyry  immediately  above  the  contact. 
The  latter  is  always  compact  and  homogeneous,  while  the  former  readily 
splits  into  angular  fragments,  and  its  joints  .are  frequently  coated  with  deli- 
cate crystals. 

The  connecting  drifts  from  the  foot  of  the  incline  pass  through  this 
barren  vein  material,  or  through  the  White  Porphyry  under  it,  and  crossing 
the  Gray  Porphyry  dike,  reach  the  northern  ore  body  beyond  it. 
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The  foot-wall  of  the  dike  is  here  not  very  distinct,  but  the  hanging  or 
northern  wall  has  a  smooth,  well-defined  face,  standing  at  an  angle  of  70°. 
The  porphyry  of  the  dike  is  often  very  much  iron-stained  in  this  ground,  for 
which  reason  on  the  foot-wall  it  is  sometimes  almost  impossible  to  distinguish 
between  vein  material  and  dike.  On  the  hanging  wall,  however,  there  is 
generally  a  sort  of  clay  selvage,  with  polished  surfaces.  The  outline  of 
the  dike  is  very  irregular,  as  shown  by  the  fact  that  the  hanging  wall  in  this 
ground  varies  in  angle  from  75°  to  45°,  though  the  steeper  dip  is  the  pre- 
vailing one. 

In  the  northern  body  the  rich  ore  comes  directly  up  to  contact  with 
the  dike.  It  consists  mainly  of  hard  carbonate.  Near  the  No.  4  shaft  it 
is  very  thick,  averaging  about  thirty  feet,  and  in  one  part  reaching  45  feet, 
It  is  practically  continuous  eastward  to  the  No.  31  shaft,  where  it  is  again 
30  feet  thick,  and  beyond  that  into  the  Amie  ground.  To  the  northward, 
however,  the  rich  ore  bodies  are  very  irregularly  distributed  in  the  ore 
horizon,  and  the  ore  horizon  itself  is  apparently  rather  irregular.  It  has  a 
general  steep  dip  to  the  northward,  and  in  the  eastern  part  of  the  mine  a 
tendency  to  dip  also  to  the  northwest.  The  boundaries  between  the  rich  ore 
bodies  and  the  black  iron  or  chert  are  very  abrupt  also,  and  often  con- 
founded with  those  of  the  formation.  As  the  drifts  were  mostly  run  with 
no  other  system  than  to  follow  these  rich  ore  bodies,  it  was  very  difficult, 
in  the  absence  of  any  systematic  mapping  of  the  underground  workings,  to 
form  a  clear  conception  of  the  ore  horizon  and  all  its  dips  and  strike. 

As  an  instance  of  the  confusion  brought  about  in  the  minds  of  those 
working  the  mines  by  this  want  of  system,  it  may  be  mentioned  that  a 
drift  was  run  back  southward  from  near  No.  4  shaft  into  the  porphyry  dike 
for  30  feet,  and  then  a  raise  was  put  up  in  search  of  the  ore  bed,  which 
was  abandoned,  after  being  driven  up  35  feet,  on  account  of  the  danger  of 
caving  as  they  approached  the  Wash.  The  manner  in  which  explorations 
were  carried  on  from  No.  5  shaft,  to  the  north  of  No.  3,  further  illustrated 
this.  The  bottom  of  the  shaft  was  in  chert,  which  here  forms  the  upper 
part  of  the  ore  horizon.  A  drift  run  north  passed  out  of  this  chert  in  a 

lThe  number  of  this  shaft  has  been  omitted  on  the  map.  It  can  readily  be  distinguished,  how- 
ever, by  its  position  near  the  eastern  boundary  line  and  a  short  distance  north  of  the  dike. 
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distance  of  10  feet,  and  was  then  continued  70  feet  in  the  overlying  por- 
phyry, at  every  foot  increasing  its  distance  from  the  ore  horizon.  The 
main  level  from  this  shaft  running  northeast  also  passed  out  of  the  chert 
into  the  overlying  porphyry,  and  at  about  forty  feet  from  the  shaft  a  winze 
was  started  to  search  for  the  ore  below;  this  was,  however,  abandoned 
after  going  15  feet,  and  an  up-raise  was  started  which  was  persistently  con- 
tinued in  the  overlying  White  Porphyry  to  a  height  of  70  feet,  when  the 
Wash  was  reached. 

Under  these  circumstances  it  is  difficult  to  say  how  thoroughly  the 
ground  to  the  north  has  been  prospected  or  whether  the  failure  to  find  ore 
bodies  there  is  to  be  taken  as  a  conclusive  proof  that  none  exists.  Owing  to 
the  steep  dip  of  the  formation  a  level  was  soon  reached  by  exploring  drifts, 
at  which  the  influx  of  water  was  too  great  to  be  handled  by  the  pumping 
appliances  in  use,  and  exploration  became  expensive  and  was  easily  discour- 
aged when  rich  bodies  were  not  readily  found. 

No.  6  shaft  was  sunk  to  a  depth  of  over  two  hundred  feet,  passing 
through  93  feet  of  Wash,  75  feet  of  White  Porphyry,  and  42  feet  of  vein 
material  with  a  porphyry  streak  in  the  middle,  into  Parting  Quartzite,  and 
then  into  the  lower  sheet  of  White  Porphyry.  Drifts  to  the  northwest  from 
this  shaft  find  small  masses  of  dark  crystalline  limestone  in  the  vein  mate- 
rial, similar  to  that  found  near  the  Daly  shaft,  in  Little  Chief  ground.  The 
two  northern  shafts,  No.  8,  on  Dives  ground,  and  Winnemuck  shaft  No.  7, 
had  not  reached  the  ore  horizons  at  the  time  of  examination,  but  had  passed 
through  a  sheet  of  Gray  Porphyry  above  the  White  Porphyry.  This  is 
probably  a  part  of  the  main  sheet  of  Gray  Porphyry  corresponding  to  that 
in  Little  Stray  Horse  Park,  which  once  covered  the  whole  of  Fryer  Hill, 
but  has  since  been  removed  by  erosion. 

Beyond  the  limits  of  the  Little  Pittsburgh  claim  the  Four  Per  Cent, 
shaft  reached  the  ore  horizon  at  a  depth  of  about  one  hundred  and  sixty- 
five  feet,  finding  vein  material,  but,  so  far  as  known,  no  considerable  bodies 
of  ore. 

Amie  mine. — The  Amie  claim  is  very  nearly  parallel  and  next  east  to  the 
Little  Pittsburgh,  and  the  rich  northern  ore  body  of  the  latter,  as  well  as 
the  porphyry  dike,  can  be  traced  continuously  from  one  into  the  other. 
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The  porphyry  dike  is,  as  before,  well  defined  on  the  hanging- wall  side, 
having  a  clay  selvage  and  some  appearance  of  slickensides ;  its  angle  of 
dip  is  no  longer  as  steep,  averaging  from  45°  to  50°,  and  its  thickness  is 
also  very  variable,  at  one  point  being  only  18  feet,  at  others  thirty  to  forty 
feet,  and  in  one  case  a  drift  was  run  in  it  70  feet,  and  a  raise  was  then  made 
up  to  the  Wash.  It  must  be  borne  in  mind,  however,  that  the  portion  of 
the  dike  exposed  by  the  few  mine  drifts  which  cut  it  is  very  small,  relative 
to  the  whole  mass,  and  that  the  variation  in  dip  may,  in  many  cases,  only 
represent  irregularities  in  the  form  of  the  body,  and  not  variations  in  the 
dip  of  the  mass  as  a  whole. 

The  stringers  of  porphyry  seen  in  the  Little  Pittsburgh  ground  have 
here  enlarged  into  extensive  sheets,  which  split  up  the  ore  horizon  into  three 
portions.  The  upper  portion  represents  the  greater  part  of  the  Blue  Lime- 
stone body  and  furnishes  the  main  supply  of  ore,  the  second  and  third  ore 
bodies  being  simply  irregularly-shaped  portions,  which  were  separated  at 
the  time  of  the  injection  of  the  porphyry,  and  have  since  been  changed  to 
vein  material  by  the  action  of  the  ore  currents.  As  these  lower  bodies  have 
yielded  but  little  pay  ore,  they  have  not  been  as  thoroughly  explored  as  the 
upper  one,  and  their  outlines,  as  given  on  Sections  A  and  H,  are  more  or 
less  hypothetical. 

The  ore  of  the  Amie  mine  is,  as  a  rule,  much  richer  than  those  already 
described.  Even  the  iron  vein  material  often  averages  ten  to  twelve  ounces 
per  ton  in  silver,  in  large  masses,  and,  being  comparatively  free  from  silica, 
has  been  profitably  employed  as  a  flux  by  the  smelters,  in  place  of  the 
Breece  Iron  ore  which  they  had  hitherto  been  using,  and  which  was  rela- 
tively much  more  expensive.  The  rich  ore,  mostly  dark  sand  carbonates, 
generally  occurs  at  the  top  of  the  ore  horizon,  immediately  under  the  over- 
lying porphyry,  a  clayey,  iron  oxide,  with  more  or  less  manganiferous  or 
black  iron,  forming  the  base  of  the  horizon.  Chert  is  much  less  widely 
developed  than  in  the  previously-described  mines.  A  considerable  amount 
of  so-called  "Chinese  talc"  is  found  throughout  the  rich  ore  bodies,  doubt- 
less the  product  of  alteration  of  stringers  of  porphyry  in  the  original 
limestone.  South  of  the  dike  no  considerable  quantity  of  rich  ore  had 
been  found  at  the  time  of  examination,  as  the  map  shows ;  explorations  had, 
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however,  by  no  means  covered  all  the  possible  ground  in  which  it  might 
occur,  so  that  the  statement,  that  the  southern  ore  body  previously  observed 
does  not  extend  as  far  east  as  this,  rests  on  rather  negative  evidence.  In 
only  one  point  in  the  southern  workings  had  a  raise  been  made  which  found 
the  Wash  resting  directly  on  the  ore  horizon.  Elsewhere  the  covering 
of  White  Porphyry  still  remained.  The  actual  width  of  the  outcrop  of  the 
ore  horizon  in  this  ground  is  deduced  from  observations  in  the  adjoining 
mines. 

The  workings  of  the  Amie  mine  have  been  intelligently  and  systemat- 
ically conducted  from  the  very  commencement,  so  that  it  has  had  advan- 
tages in  the  cost  of  extraction  of  ore  over  other  mines,  and  has  been  able  to 
mine  even  the  low-grade  iron  at  a  profit.  Two  compartment  shafts,  No.  1 
and  No.  2,  each  provided  with  cages,  were  sunk  entirely  through  the  first, 
and  at  that  time  the  only  known,  ore  horizon,  near  the  east  and  west  limits  of 
the  claim,  respectively.  These  were  connected  by  a  main  level,  provided 
with  a  tramway,  from  which  cross-drifts  underrun  the  main  ore  body,  so  that 
in  mining  the  ore  requires  but  one  handling,  falling  directly  from  the  stopes, 
through  ore  shoots,  into  the  mine  cars  in  which  it  is  taken  to  the  surface. 
Shafts  No.  3  and  No.  4  were  sunk  later,  to  explore  the  ground  to  the  north 
and  south  of  the  main  ore  body,  respectively. 

The  thickness  of  different  rock  formations  passed  through  by  these 
shafts  will  serve  to  show  their  irregularities  and  part  of  the  data  on  which 
the  sections  have  been  constructed.  They  are  as  follows: 


Wash. 

White 
Porphyry. 

Iron  rein 
material. 

White 
PorpLyry. 

Iron  vein 
material. 

White 
Porphyry. 

Iron  vein 
material. 

White 
Porphyry. 

Silurian 
formation. 
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75 
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20 
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No.2shaft  .... 
No.  3  shaft    .  .  . 

75 
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25 
25 
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5 

70 
40 

15 
25 
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4 
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No.  4  shaft  

50 

25 

25 

12 

3 

12 

3 

60 

The  main  level,  which  has  an  elevation  of  10,365  feet,  is  150  feet  and 
160  feet  below  the  collars  of  No.  1  and  No.  2  shafts,  respectively,  the  col- 
lars of  these  shafts  being  placed  about  ten  feet  above  the  ground  to  allow 
space  for  the  dump.  No.  2  shaft,  it  will  be  observed,  has  been  sunk  to  a 
considerable  depth  in  the  Silurian  formation,  in  which  it  has  developed  the 
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White  Limestone,  with  its  characteristic  white  chert  segregations,  but  no  ore. 
Tt  was  intended  at  time  of  visit  to  continue  it  still  farther,  as  soon  as  a  Corn- 
ish pump  could  be  put  in  to  control  the  great  influx  of  water,  which  is 
almost  invariably  found  when  a  certain  depth  is  reached.  Although  there 
is  no  geological  impossibility  of  the  occurrence  of  ore  in  depth,  the  facts  of 
observation  are  so  unanimously  adverse  to  its  probability  that  this  may  be 
said  to  be  a  misdirected  expense  of  labor  and  money,  and  one  which,  if 
devoted  to  the  exploration  of  the  Blue  Limestone  horizon  in  any  of  its 
various  subdivisions,  would  be  far  more  likely  to  yield  practical  results. 

The  main  ore  horizon  north  of  the  dike  has  a  general  dip  to  the  north- 
east, although,  as  defined  by  its  general  contact  with  the  underlying  por- 
phyry, it  inclines  locally  to  the  northwest  near  the  Climax  boundary.  The 
main  dip  of  the  formation  is,  however,  to  the  north,  and,  as  in  the  previously 
described  mines,  this  dip  steepens  rapidly  in  the  northern  part  of  the  claim, 
though  the  gentle  dip  continues  some  distance  north  of  the  main  body.  The 
first  lower  sheet  of  porphyry,  as  developed  by  the  drift  driven  from  No.  1 
shaft  to  connect  with  No.  3,  is  remarkably  full  of  chert  fragments,  most  of 
which  appear  to  have  been  simply  caught  up  in  the  porphyry  flow ;  some, 
on  the  other  hand,  are  apparently  segregations  in  the  mass  of  the  porphyry 
since  its  consolidation. 

The  principal  ore  body  occurs  along  the  north  flank  of  the  dike,  in 
some  cases  being  seen  to  wedge  out  between  this  and  the  overlying  White 
Porphyry.  It  is  very  variable  in  thickness ;  thus  at  No.  2  shaft  the  whole 
horizon  is  only  10  feet  thick;  at  70  feet  to  the  southward  it  has  thickened 
to  nearly  50  feet,  of  which  the  upper  30  feet  are  in  pay  ore,  mostly  rich 
sand  carbonates.  A  similar  large  body  of  sand  carbonate,  20  feet  in  thick- 
ness, was  found  above  the  main  level  east  of  No.  1  shaft,  which  was  45  feet 
in  length.  As  already  mentioned,  most  of  these  bodies  are  in  the  upper 
part  of  the  ore  horizon;  rich  ore  also  occurs  irregularly  in  different  parts 
of  the  horizon  and  also  in  the  lower  ore  sheets,  though  the  latter  contain  as 
a  rule  a  smaller  proportion  of  pay  ore.  Explorations  to  the  northward,  as 
far  as  conducted,  find  a  large  proportion  of  barren  ground  in  the  ore  hori- 
zon, and,  as  elsewhere,  the  influx  of  water  as  the  formation  descends  ren- 
ders exploration  difficult  and  expensive.  Several  small  ore  bodies  have, 
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however,  been  opened  by  No.  3  shaft,  which  are  sufficient  to  prove  that  ore 
does  exist  in  this  direction  and  to  justify  further  exploration.1 

ciimax  mine. — The  Climax  claim  is  parallel  to  and  adjoins  the  Amie  on 
the  east.  The  structural  conditions  are,  however,  somewhat  different  in  the 
two  claims.  The  ore  horizon  is  still  split  up  into  several  parts,  but,  owing 
to  the  erosion  of  the  crest  of  the  anticlinal  fold,  which  runs  northeastward 
along  the  east  boundary  of  the  Climax  claim,  a  much  greater  proportion  of 
the  ore  horizon  has  been  eroded  off  the  area  of  the  claim,  and  the  outcrop 
of  what  remains  runs  northeastward  nearly  parallel  to  its  side  lines. 

The  mine  has  been  worked  only  intermittently  and  without  much 
system,  and,  as  a  considerable  portion  of  the  workings  were  inaccessible  at 
the  time  of  visit,  information  in  regard  to  them  could  only  be  obtained  by 
word  of  mouth,  and  leaves  much  to  be  desired  in  point  of  completeness  and 
reliability.  The  general  outlines  of  the  structure  were,  however,  sufficiently 
well  determined  by  the  examination  of  those  workings  which  were  acces- 
sible, and  the  uncertainty  exists  mainly  with  regard  to  details  of  ore  dis- 
tribution. 

The  mine  workings  consist  of  two  disconnected  groups,  a  southern  and 
a  northern,  the  former  of  which  followed  the  eastern  extension  of  the  Amie 
body,  the  latter  the  western  extension  of  the  Dunkin  body.  Between  these 
are  the  contract  or  leased  workings,  which,  as  their  name  implies,  were 
worked  by  other  parties  under  leases,  of  which  no  plats  could  be  found,  and 
about  which  little  information  could  be  obtained. 

The  southern  workings  are  opened  by  shafts  No.  3  and  No.  5,  shafts  No. 
4  and  No.  6  having  been  sunk  independently  to  explore  the  ground  further 
south  and  not  connected  with  these  workings.  Of  No.  6  it  is  only  known 
that  it  was  sunk  through  160  feet  of  Wash  and  reached  a  body  of  iron 
vein  material  in  the  top  of  the  White  Limestone.  Shaft  No.  4  cut  two 
bodies  of  vein  material,  which  are  probably  part  of  the  lower  ore  horizon 
of  the  Amie  mine,  before  reaching  the  White  Limestone.  It  would  seem 
probable  that  the  drifts  from  this  shaft  might  have  cut  the  porphyry  dike. 
Unfortunately  at  that  time  miners  made  no  distinction  between  White  and 
Gray  Porphyry,  and  no  definite  information  on  that  point  could  be  obtained. 

1  Since  the  close  of  field-work  a  considerable  body  of  rich  ore  is  said  to  have  been  opened  by  the 
Detr  Lodge  shaft,  which  is  situated  near  the  Climax  line,  not  far  from  the  Virginius  shaft. 
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The  first  level  from  No.  3  shaft,  at  100  feet  below  the  surface,  starts 
in  the  White  Porphyry  below  the  upper  ore  horizon,  which  pitches  at  20° 
to  25°  towards  the  Amie  line.  Drifts  were  run  to  the  north  and  west  and 
to  the  southwest  on  this  level ;  the  former  passes  at  20  feet  from  the  shaft 
into  the  upper  ore  horizon,  whose  lower  portion  consists  of  soft  red  silicious 
iron,  passing  into  soft  black  iron  or  into  chert;  turning  westward  it  reaches 
the  continuation  of  the  sand  carbonate  ore  body  of  the  Amie,  from  which 
considerable  rich  ore  was  taken.  The  southwest  drift  runs  mostly  in  the 
underlying  porphyry,  in  which  are  several  thin  streaks  of  ore  and  of  Chinese 
talc.  To  the  west  of  this  drift,  near  the  Amie  line,  are  old  stopes,  from 
which  a  peculiar  white  sand  ore,  lying  at  the  top  of  the  ore  horizon,  was  taken. 
This  ore  is  said  to  resemble  a  decomposed  porphyry  so  much  that  at  first 
it  was  supposed  to  be  worthless,  but  on  examination  was  proved  to  be 
extremely  rich,  assaying  as  high  as  1,600  ounces  of  silver  and  giving  mill 
runs  of  300  ounces,  but  containing  little  or  no  lead.  It  is  probably  the 
result  of  a  leaching  of  the  original  ore  body,  during  or  subsequent  to  the 
process  of  erosion. 

No.  5  shaft  was  sunk  later  and  passed  through  125  feet  of  Wash,  5 
feet  of  iron,  and  110  feet  of  White  Porphyry,  stopping  in  the  Parting 
Quartzite  and  White  Limestone,  which  here  dip  gently  northward.  A  drift 
to  the  northwest,  on  the  383-foot  level,  from  this  shaft,  and  a  western  branch 
from  this  drift  in  the  direction  of  No.  3  shaft  find  a  small  body  of  iron  in 
the  porphyry,  which  may  correspond  to  the  second  ore  horizon  of  the  Amie 
mine.  A  drift  to  the  northward,  on  the  other  hand,  finds  quartzite  in  the 
midst  of  the  porphyry,  which  is  supposed  to  be  a  detached  portion  of  the 
Parting  Quartzite,  as  shown  in  Section  G. 

The  northern  workings  are  opened  by  No.  1  and  No.  2'  shafts,  and  also 
connect  with  the  northern  Contract  shaft.  The  workings  from  the  latter 
have  developed  little  of  importance ;  the  shaft  was  sunk  through  85  feet 
of  Wash  and  30  feet  of  iron  vein  material.  Drifts  to  the  south  and  west 
rise  to  the  overlying  Wash  at  their  extremities,  but  develop  no  ore  bodies. 
To  the  north  the  workings  follow  some  thin  streaks  of  pay  ore  standing 
nearly  vertically  in  the  iron  vein  material. 

'The  number  of  this  shaft  has  been  omitted  on  the  map ;  it  lies  near  the  Dunkin  line,  abont  one 
hundred  feet  southwest  of  No.  1. 
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Climax  No.  2  shaft  is  138  feet  deep,  of  which  the  upper  90  feet  are  in 
Wash  and  the  rest  in  the  body  of  vein  material,  which  is  here  separated  into 
two  parts  by  a  sheet  of  very  compact  White  Porphyry,  as  shown  in  Section 
E.  This  dividing  porphyry,  which  is  only  18  inches  thick  in  the  north- 
western part  of  the  workings,  dips  to  northeast,  increasing  in  thickness 
as  it-goes  down,  reaching  four  feet  at  the  Dunkin  line,  and  at  Dunkin  No. 
2  shaft  merging  into  the  main  lower  body  of  White  Porphyry.  The  prin- 
cipal ore  body,  which  is  found  directly  above  this  dividing  porphyry,  has 
a  thickness  of  about  8  feet,  increasing  to  1(5  feet  along  the  line  of  the 
Dunkin  claim.  The  vein  material  here  consists  largely  of  highly  manga- 
niferous  iron,  with  clay  and  chert  generally  at  the  base.  The  workings 
northeast  of  No.  2  have  been  carried  up  to  the  Wash,  which  here  consists  of 
sand  and  rounded  pebbles,  without  meeting  clay  or  the  influx  of  water  which 
are  almost  invariable  accompaniments  of  the  Wash.  At  Climax  No.  1  shaft 
the  ore  horizon  was  found  directly  below  100  feet  of  Wash,  in  a  single 
body  .'58  feet  thick.  This  shaft  was  sunk  to  a  depth  of  220  feet,  reaching 
some  iron  vein  material  in  the  bottom,  which  is  supposed  to  be  at  the  top 
of  the  Silurian  formation,  as  in  Climax  No.  6.  The  lower  north-and-south 
drift  from  No.  2  shaft,  which  is  mainly  run  in  the  White  Porphyry  below 
the  ore  horizon,  also  cuts  White  Limestone  at  its  southern  end. 

virginius  mine. — The  extreme  southern  end  of  the  Virginius  claim  over- 
laps the  northern  end  of  the  Climax  ground,  and  along  the  south  line  of 
the  former  two  shafts  have  been  sunk  to  the  ore  horizon  and  connected 
by  drifts  and  winzes,  the  workings  descending  in  steps  towards  the  west. 
The  main,  or  No.  2  shaft,  was  sunk  through  136  feet  of  Wash,  40  feet  of 
porphyry,  and  forty  to  fifty  feet  of  vein  material,  passing  at  the  bottom 
into  dolomite  and  sand,  which  were  dipping  northwest.  The  vein  material 
here  was  impure,  containing  much  manganese,  with  clayey  and  sandy  streaks. 
North  of  the  shaft  a  cave  was  found  near  the  top  of  the  iron  body,  ten 
to  fifteen  feet  in  length  and  four  to  five  feet  in  height. 

Drifts  and  stopes  connect  with  the  No.  3  shaft,  near  which  a  small  body 
of  ore  was  taken  out,  which  ran  about  forty  ounces  of  silver  to  the  ton. 
The  main  body  of  vein  material  in  this  part  of  the  mine  carries  from  two 
up  to  ten  or  fifteen  ounces  of  silver  to  the  ton.  The  east  drift  from  this 
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shaft  was  cut  through  the  bottom  of  the  ore  horizon  into  underlying  White 
Porphyry.  Explorations  have  not  been  carried  far  to  the  northward  on 
this  ground,  owing  to  the  steep  dip  and  great  influx  of  water.  Probably  the 
yield  of  the  ore  did  not  seem  to  justify  the  expense  that  would  be  necessa- 
rily incurred  in  putting  up  a  pumping  plant  capable  of  handling  the  water. 

On  Section  G  the  continuation  of  the  ore  horizon  to  the  north  has  been 
represented  as  unreplaced  limestone,  simply  because  it  has  not  been  proved 
to  contain  vein  material,  though  it  is  impossible  to  say  whether  it  does  or 
not  until  it  has  been  actually  explored. 

Dunkin  mine. —  The  Dunkin  claim  lies  next  east  to  that  of  the  Climax. 
From  it  a  large  amount  of  rich  ore  has  been  obtained,  and  exclusively  from 
the  continuation  of  the  northern  shoot,  observed  in  the  Climax  ground.  The 
eastern  continuation  of  the  main  ore  shoot  of  Fryer  Hill,  which  lies  on  the 
north  flank  of  the  porphyry  dike,  has,  as  the  map  shows,  been  entirely  eroded 
off  the  Dunkin  ground  and  the  claims  to  the  south  of  it.  Whether  the 
outcrop  of  the  porphyry  dike  is  entirely  wanting  between  the  Amie  and 
the  northeast  corner  of  the  Big  Pittsburgh  claim,  as  represented  on  the  map, 
is  not  known,  since  there  are  no  underground  explorations  in  this  area  from 
which  data  may  be  obtained.  It  is  most  probably  continuous  in  depth,  but 
has  not  been  indicated  as  outcropping,,  on  the  principle  of  representing  as 
far  as  possible  only  what  is  actually  known.  The  great  breadth  of  outcrop 
of  the  ore  horizon  on  the  Dunkin  ground  is  due  to  the  fact  that  it  lies  along 
the  crest  of  an  eroded  anticline.  There  is  some  evidence  to  show  that  in 
some  part  of  the  area  covered  by  this  outcrop  patches  of  White  Porphyry 
still  remain  between  the  vein  material  and  the  Wash,  but  it  is  not  sufficiently 
definite  to  locate  or  outline  these  patches,  and  their  existence  does  not  inval- 
idate the  general  truth  of  the  structure,  as  given  by  the  outlines  on  the  map. 

The  Dunkin  mine  is  opened  by  three  shafts,  No.  1,  at  the  south  end; 
No.  2,  in  the  middle ;  and  No.  3,  at  the  north,  as  shown  in  Section  D. 
Besides  these  is  an  old  No.  1  shaft,  which,  being  in  an  area  of  barren  vein 
material,  is  no  longer  used.  The  main  working  shaft  is  No.  2,  near  the 
center  of  the  claim,  as  well  as  of  ore  developments.  From  this  three  sets  of 
levels  are  run,  at  10,425,  10,405,  and  10,357  feet  elevation,  respectively. 
The  Wash  was  here  90  feet  and  the  ore  horizon  40  feet  thick,  the  first  level 
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starting  about  fifteen  feet  below  the  Wash  and  the  second  near  the  base  of 
the  ore  horizon.  The  third  level  is  in  the  Parting  Quartzite  at  the  shaft. 
No.  1  shaft  was  sunk  through  the  underlying  White  Porphyry  to  the  Whito 
Limestone,  and  is  connected  with  No.  2  only  on  the  second  and  third  levels. 
Old  No.  1  shaft  found  twenty  to  thirty  feet  of  vein  material  above  the  por- 
phyry. No.  3  shaft  found  the  vein  material  directly  beneath  the  Wash, 
and  was  sunk  through  it  into  Parting  Quartzite  and  underlying  porphyry. 
Only  the  third  level  connects  directly  with  this  shaft. 

The  most  important  ore  body  occurs  between  the  first  and  second  levels, 
extending  southeastward  from  No.  2  shaft  into  the  Matchless  ground.  It 
averaged  from  ten  to  sixteen  feet  in  thickness  and  perhaps  forty  feet  in 
width.  Both  ore  body  and  ore  horizon  dip  to  the  eastward  on  this  side  of 
the  shaft,  at  an  angle  of  about  15°.  The  drifts  from  the  first  level  pass, 
to  the  southeast,  rapidly  into  a  body  of  black  iron  above  the  ore  body  and, 
to  the  southwest,  into  black  iron  and  reddish  silicious  iron.  At  the  end 
of  a  drift  to  the  south  a  coarse  sand  is  found  at  the  top  of  the  ore  horizon, 
which  in  some  cases  is  found  to  be  impregnated  with  silver,  and  constitutes 
a  rich  ore.  The  west  drifts  in  the  second  level,  after  passing  through  com- 
paratively barren  vein  material,  cut  diagonally  across  the  parting  sheet  of 
White  Porphyry,  which  has  already  been  noticed  in  the  Climax  ground, 
and  reach  the  eastern  end  of  the  Climax  ore  body,  immediately  underlying 
this  sheet  of  White  Porphyry.  The  ore  here  consists  of  galena  and  sand 
carbonates. 

In  addition  to  the  ore  bodies  above  mentioned,  later  explorations  have 
discovered  numerous  small  bodies  or  patches  of  ore  in  the  upper  part  of  the 
ore  horizon,  immediately  under  the  Wash.  An  interesting  occurrence  here 
was  a  mass  of  angular  fragments  of  White  Porphyry,  cemented  together  by 
galena.  The  rich  white  sand  noticed  in  the  Climax  ground  was  also  found 
here  in  places.  The  galena  in  this  mine  is  generally  coarse  grained,  and 
sometimes  exceptionally  rich  in  silver;  as  elsewhere  its  tenor  in  silver  is 
usually  higher  than  that  of  the  carbonates.  A  mill  run  of  galena  from  the 
upper  workings  yielded  500  ounces  of  silver  to  the  ton. 

On  the  third  level  no  pay  ore  has  been  found,  but  the  developments  are 
interesting  from  a  structural  point  of  view.  It  runs  northeasterly  through 
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the  middle  of  the  claim  from  the  bottom  of  No.  1  shaft  to  160  feet  beyond 
the  bottom  of  No.  3  shaft.  At  No.  1  shaft,  and  for  40  feet  north  of  it,  it 
runs  in  White  Limestone,  dipping  20°  northeast,  which  is  more  or  less 
stained,  and  occasionally  replaced  by  clayey  iron  oxide.  It  then  runs  into 
decomposed  and  iron-stained  porphyry,  which  is  in  places  so  laminated  that 
it  might  be  mistaken  for  a  shale.  The  Parting  Quartzite,  which  is  disinte- 
grated and  contains  thin  layers  of  bluish  shale,  comes  in  at  1 60  feet  from 
No.  1  and  continues  for  100  feet,  lying  nearly  horizontal,  and  probably 
represents  a  minor  roll  in  the  formation,  as  shown  in  Section  D.  Beyond 
No.  2  shaft  the  quartzite  gives  way  to  compact  White  Porphyry,  in  which 
a  cross-cut  to  the  east  shows  the  iron  body  resting  on  it  and  dipping  east- 
ward. At  the  bottom  of  No.  3  shaft  the  Parting  Quartzite  is  again  cut, 
here  being  above  the  White  Porphyry  and  immediately  under  the  iron 
body  or  ore  horizon.  The  drift  then  runs  for  80  feet  through  the  iron  body 
and  suddenly  passes  into  decomposed  Blue  Limestone,  which,  on  the  sides 
of  the  drift,  has  all  the  appearance  of  the  solid  unaltered  rock,  showing  the 
stratification  planes  dipping  northeast  at  40°,  the  characteristic  ribbings  of 
white  spar,  and  an  occasional  fossil  resembling  a  Euomphalus,  but  which 
when  taken  into  the  hand  immediately  crumbles  into  fine  lime-sand.  A 
partial  analysis  of  this  lime-sand  is  given  in  Appendix  B,  Table  VI,  which 
shows  it  to  have  the  normal  proportions  of  lime  and  magnesia  contained 
in  the  unaltered,  rock.  Toward  the  end  of  the  drift  the  dip  shallows,  prob- 
ably because  it  is  becoming  more  nearly  parallel  with  the  strike  of  the 
beds.  At  the  very  end  the  roof  of  the  drift  has  caved,  showing  decomposed 
White  Porphyry  immediately  above  the  limestone  and  Wash  a  little  distance 
above  that  This  point,  it  will  be  observed,  is  almost  opposite  the  workings 
of  the  Virginius  claim.  Beyond  it  the  ore  horizon  has  not  been  explored, 
nor  is  it  likely  to  be  until  powerful  pumping  machinery  is  introduced  capa- 
ble of  controlling  the  great  influx  of  water. 

Matchless. —  The  Matchless  ground,  which  lies  next  east  of  the  Dunkin 
claim,  has  been  relatively  little  explored,  probably  because  in  early  days 
it  was  considered  unpromising  ground,  since  the  few  prospecting  shafts  that 
were  sunk  did  not  strike  rich  ore.  The  indications  afforded  by  the  map, 
which  show  the  condition  of  explorations  at  the  time  of  this  examination, 
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show,  however,  that  both  the  Dunkin  or  northern  ore  body  and  the  Lee 
body,  which  is  the  main  ore  shoot  of  the  hill,  extend  into  it,  and  may  be 
reasonably  expected  to  join  together  on  this  ground.  Moreover,  it  has  a 
large  extent  of  unexplored  ground  in  the  northeastern  part  of  the  claim, 
which,  though  less  promising  than  the  southern  part,  is  certainly  worth 
prospecting. 

The  Discovery  shaft  and  the  Main  shaft  were  sunk,  the  one  to  the 
south,  the  other  to  the  north  of  the  continuation  of  the  Dunkin  ore  shoot. 
The  Main  shaft  was  sunk  through  110  feet  of  Wash,  20  feet  of  White  Por- 
phyry, 15  feet  of  chert,  30  feet  of  iron,  and  through  the  underlying  White 
Porphyry  to  the  Silurian  formation,  which  it  reached  at  a  depth  of  about 
two  hundred  and  fifty  feet.  (See  Section  E.)  In  a  drift  on  the  top  of  the 
iron  body,  several  small  layers  of  lime-sand  were  found  immediately  under 
the  overlying  White  Porphyry,  which  was  itself  much  decomposed  and  full 
of  segregations  of  iron  oxide  The  ore  horizon,  where  cut  by  this  shaft, 
contained  little  or  no  pay  ore,  but  where  the  Dunkin  ore  body  was  found 
to  extend  to  the  Matchless  line  it  was  followed  into  the  ground  of  the  latter. 
Here  it  has  a  width  of  about  forty  feet  and  is  from  eight  to  sixteen  feet  in 
thickness.  It  extends  in  a  northeasterly  direction  and  descends  rapidly  to 
the  eastward.  The  vein  material  is  a  cherty  or  silicious  iron,  and  the  pay 
ore  a  reddish  clayey  mass  of  sand  carbonate,yielding  much  lead  and  silver. 
At  the  time  of  visit  no  connection  had  been  made  between  this  ore  body 
and  those  to  the  east  and  south. 

The  Leonard  or  southern  shaft  was  sunk  to  strike  the  continuation  of 
the  Lee  body,  which  had  been  found  to  extend  across  the  wedge-shaped 
portion  of  the  Hibernia  claim,  between  this  and  the  Lee  ground.  It  was 
sunk  through  95  feet  of  Wash,  10  feet  of  ore,  15  feet  of  chert,  and  12  feet 
of  quartzite  to  the  underlying  White  Porphyry.  As  far  as  at  present 
explored,  the  rich  ore  body  is  confined  to  a  narrow  strip  of  ground  along 
the  Hibernia  and  Big  Pittsburgh  lines.  It  lies  upon  the  Parting  Quartzite, 
either  directly  or  separated  by  a  floor  of  chert,  and  therefore  occupies  the 
very  lowest  portion  of  the  Blue  Limestone  horizon.  In  the  northeast  corner 
of  the  claim  it  abuts  directly  against  the  Gray  Porphyry  dike,  which  still 
dips  to  the  northward  at  a  steep  angle.  Although  narrow,  the  ore  body  is 
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very  thick,  reaching  30  feet  in  places,  and  is  extremely  rich.  This  ore 
differs  from  any  hitherto  observed  on  Fryer  Hill  in  that  it  is  almost  entirely 
free  from  lead.  Its  silver  exists  as  fine  particles  and  films  of  chloride  or 
chloro- bromide,  disseminated  through  an  ocherous  sandy  mass,  and  some- 
times coating  the  cracks  and  cleavage  faces  of  the  chert.  Another  differ- 
ence between  this  ore  body  and  those  of  the  portion  of  the  hill  already 
described  is  the  small  amount  of  manganese  found,  and  the  condition  of 
the  iron  oxide,  which  is  here  more  generally  anhydrous,  whereas  in  other 
parts  of  the  region  it  is  always  hydrated  or  in  the  form  of  limonite. 

Hibemia  and  Big  Pittsburgh. — These  two  claims  will  be  described  together, 
as  the  only  portion  of  them  yet  found  productive  is  the  extreme  northern 
edge,  where  the  western  continuation  of  the  Lee  ore  body  extends  a  short 
distance  across  their  lines.  The  Gray  Porphyry  dike  is  here  about  thirty 
feet  wide  and  very  well  defined,  cutting  across  the  Blue  Limestone  horizon 
into  the  underlying  White  Porphyry;  and  pay  ore  has  thus  far  been  con- 
fined mainly  to  its  northern  flanks,  though,  as  will  be  shown  later,  there  is. 
good  evidence  for  assuming  that  the  continuation  of  the  southern  ore  shoot, 
as  developed  in  the  ground  to  the  westward  already  described,  once  existed 
here  also,  and  that  it  should  be  sought  for  further  east,  where  the  ore  hori- 
zon has  not  been  removed  by  erosion. 

The  Hibernia  shaft,  which  was  sunk  just  south  of  the  dike,  passed 
through  100  feet  of  Wash  into  soft  black  iron,  with  chert  at  the  base  and  a 
little  pay  ore,  having  a  total  thickness  of  about  twenty-five  feet.  Drifts- 
run  northward  from  the  shaft  across  the  dike  to  connect  with  the  stopes  in 
the  little  triangular  or  wedge-shaped  point  of  the  claim  beyond.  These 
stopes  were  five  sets  of  timber  high,  and  the  little  triangular  area  was  an 
almost  solid  mass  of  rich  ore:  near  the  top  was  a  layer  of  chert  extending 
from  the  Lee  ground,  which  was  there  supposed  to  be  the  top  of  the  ore 
body;  it  was  here  broken  through  and  the  ore  found  to  extend  up  to  the 
Wash.  The  quartzite  floor  dips  northward  into  the  Matchless  ground. 
Southward  from  the  shaft  a  prospecting  drift  runs  over  two  hundred  feet 
in  the  underlying  White  Porphyry,  striking  the  Parting  Quartzite  at  the 
end.  A  cross-cut  to  the  eastward  from  this  drift  finds  ban-en  iron  resting 
on  the  White  Porphyry,  and  a  winze  sunk  in  the  floor  of  the  drift  is  said  to- 
have  found  White  Limestone. 
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Westward  from  the  shaft,  a  drift  runs  through  White  Porphyry,  which 
connects  with  the  McCormick  shaft  of  the  Big  Pittsburgh,  on  the  dividing 
line  between  the  two  claims.  This  shaft  was  sunk  by  Mr.  Tingley  S. 
Wood,  superintendent,  after  explorations  in  the  southern  portion  of  the  claim 
had  proved  fruitless,  with  the  idea  that  a  portion  of  the  Matchless  body 
might  be  found  within  the  Pittsburgh  lines.  His  expectations  were  real- 
ized, and  a  narrow  strip  of  very  rich  ore  was  found  north  of  the  dike,  and 
directly  under  the  Wash,  being,  as  the  map  shows,  the  extreme  southern  or 
lower  edge  of  the  Blue  Limestone  outcrop.  From  this  shaft  two  cross-cuts 
were  run  northward  across  the  porphyry  dike  toward  the  north  line  of  the 
claim,  and  an  up-raise  made  along  that  line  disclosed  the  ore  body  above 
the  White  Porphyry  or  Parting  Quartzite,  as  the  case  might  be.  Up-raises 
were  also  made  in  the  porphyry  dike,  which  showed  that  it  extended  up  to 
the  Wash,  or,  in  other  words,  outcropped.  Owing  to  a  surveyor's  error  the 
line  drift  was  run  on  the  Matchless  side  of  the  boundary  line;  but,  the  error 
being  discovered,  the  Matchless  was  reimbursed  for  the  ore  taken  from  its 
ground.  What  is  known  about  the  balance  of  the  ground  owned  by  the  Big 
Pittsburgh  Company  will  be  given  below  in  the  description  of  the  southern 
portion  of  the  map. 

Robert  E.  Lee.  —  This  claim,  in  spite  of  its  small  area,  has  been  among 
the  greatest  silver  producers  in  the  district.  It  has  been  owned  by  differ- 
ent individuals,  and  for  various  reasons  it  has  not  been  possible  to  obtain 
very  trustworthy  figures  with  regard  to  the  actual  value  of  its  product. 
The  ore  has  been  remarkable  for  its  high  tenor  in  silver  f.nd  its  freedom 
from  lead.  It  is  also  very  silicious  and  contains  a  relatively  small  percent- 
age of  iron,  for  which  reason  it  is  by  itself  not  so  well  adapted  for  smelting 
aa  the  average  ore  of  the  district,  and  a  great  deal  of  the  low-grade  ore 
from  the  mine  has  been  reduced  by  amalgamation.  The  ore  horizon  is  here 
directly  overlaid  by  a  body  of  Gray  Porphyry,  whose  thickness  could  not 
be  ascertained.  It  is  evidently  of  limited  extent,  as  it  was  not  cut  by  the 
shafts  of  the  adjoining  claims.  It  may  be  an  offshoot  from  the  dike,  or,  as 
indicated  on  the  map,  simply  a  small  intrusive  sheet.  In  the  western  por- 
tion of  the  claim  this  porphyry-covering,  together  with  the  normal  sheet, 
of  White  Porphyry  and  the  main  Gray  Porphyry  sheet  above  that,  has 
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been  eroded  off  and  the- ore  body  extends  up  to  the  Wash.  A  thin  quartzite, 
evidently  belonging  to  the  Weber  formation,  is  often  found  directly  above 
the  ore  horizon.  The  main  ore  body  was  almost  perfectly  continuous, 
varying  in  thickness  from  a  few  inches  up  to  twenty -five  feet,  and  generally 
overlaid  as  well  as  underlaid  by  dark-blue  chert.  At  the  time  of  visit  a 
layer  of  ore  was  being  followed  which  consisted  of  barite  thoroughly  im- 
pregnated with  chloride  of  silver.  The  rich  ore  is  sometimes  a  red  sandy 
or  clayey  mass,  and  sometimes  consists  of  chert  or  silicious  iron,  whose 
cracks  and  joints  are  lined  with  chloride  of  silver.  The  ore  in  general,  as  it 
comes  from  the  mine,  is  characterized  by  its  bright-red  color,  due  to  the 
presence  of  anhydrous  iron  and  absence  of  manganese  oxide. 

The  principal  working  shaft  of  the  mine  at  time  of  visit  was  the 
No.  2,  from  which  two  levels  were  run;  the  old  No.  1  or  Ladder  shaft  was 
no  longer  used  for  the  extraction  of  ore.  and  the  new  shaft  to  the  northeast 
of  these,  designed  to  open  the  ore  body  on  the  dip,  was  not  yet  working. 

The  main  thickness  and  the  richest  portion  of  the  ore  body  lay  to  the 
south  of  shafts  No.  1  and  No.  2,  between  these  and  the  dike.  Directly 
south  of  No.  2  is  a  small  irregular  sheet  of  Gray  Porphyry,  cut  in  the  lower 
level  in  a  thickness  of  four  to  six  feet,  which  seems  to  run  partly  with  the 
stratification  and  partly  across  it.  Too  little  of  this  body  was  exposed  to 
afford  sufficient  data  for  determining  its  extent  or  origin,  but  it  evidently 
acted  favorably  on  the  concentration  of  ore  in  its  vicinity,  probably  by 
arresting  the  flow  of  the  ore-bearing  solutions  and  giving  them  time  to  pre- 
cipitate the  minerals  they  held  in  solution.  The  drifts  in  the  western  part 
of  the  mine  had  been  extended  south  until  they  reached  the  porphyry  dike, 
but,  singularly  enough,  in  the  eastern  part  of  the  mine  they  stop  before  go- 
ing so  far  south,  it  seeming  to  have  been  taken  for  granted  that  the  dike 
would  cut  off  the  ore  indefinitely  in  that  direction ;  whereas  there  is  every 
reason  to  believe  that  at  no  great  distance  to  the  eastward  it  will  continue 
south  over  or  across  the  line  of  the  dike.  It  is  hardly  necessary  to  say  that 
the  outlines  of  the  eastern  end  of  the  dike,  as  given  on  the  map,  are  conse- 
quently founded  only  on  general  probability,  there  having  been  no  explo- 
ration to  determine  its  exact  limits.  The  ore  horizon  in  the  Lee  ground  has 
a  relatively  steep  dip  to  the  northeast,  which  may  be  taken  as  averaging 
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about  25°.  Explorations  on  the  dip  to  the  northeast  and  northwest  find  the 
ore  more  irregularly  distributed  throughout  the  horizon  and  not  so  concen- 
trated as  in  the  older  workings ;  nevertheless  they  indicate  an  extension  of 
ore  deposition  in  that  direction  sufficient  to  justify  more  extended  explora- 
tions. In  the  early  days  no  maps  were  made  of  the  underground  workings, 
the  services  of  surveyors  being  only  called  upon  from  time  to  time  to  deter- 
mine points  for  the  connection  of  drifts  and  fpr  the  location  of  shafts  on 
the  surface.  Those  given  on  the  map  for  this  mine  are  the  result  of  rough 
surveys  made  by  us  in  the  course  of  our  examination,  checked  by  meas- 
urements kindly  given  by  the  surveyors  who  had  at  various  times  been 
employed  in  the  mine.  They  represent  only  the  principal  drifts  which 
were  in  use  at  the  time  of  examination,  the  intermediate  ground  being 
largely  occupied  by  stopes  and  drifts  no  longer  used. 

The  later  workings  are  systematically  conducted  from  two  main  levels, 
the  320  and  the  350  foot,  the  station  of  the  former  being  192  feet  below  the 
collar  of  No.  2  shaft.  The  No.  4  shaft  of  the  Lee  claim,  on  the  south  side 
of  Little  Stray  Horse  gulch,  finds  the  iron  body  directly  under  the  Wash. 
As  yet  little  attention  has  been  given  to  this  portion  of  the  claim,  although 
it  certainly  deserves  it,  as  from  analogy  with  other  parts  of  the  hill  it  would 
seem  as  likely  that  rich  ore  bodies  should  exist  under  the  lee  of  the  dike 
here  as  there,  and  they  might  extend  still  farther  eastward. 

Little  sliver.  —  On  this  claim,  which  lies  next  east  of  the  Lee,  a  commence- 
ment of  exploration  of  the  ore  body  has  been  .made,  and  very  promising 
ore  deposits  are  being  found.  The  Sliver  shaft  was  sunk  through  about 
one  hundred  and  twenty-five  feet  of  Wash  to  Gray  Porphyry,  and  found 
the  usual  thin  bed  of  shales  and  sandstones  at  the  contact  of  this  with  the 
White  Porphyry,  which  were  here  more  or  less  replaced  by  iron  vein  ma- 
terial. 

The  Tip  Top  shaft,  still  further  eastward,  a  little  beyond  the  limits  of 
the  map,  found  these  shales,  with  a  certain  amount  of  carbonaceous  material, 
at  a  depth  of  245  feet.  In  them  were  some  small  pockets  of  galena  and 
carbonate  ore.  . 

Southeast  comer  of  region  mapped. — A  considerable  area  still  remains  in  the 
southeast  part  of  the  region  represented  on  the  map,  from  which  the  ore 
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horizon  has  not  yet  been  eroded.  It  has  as  yet  been  but  little  explored, 
partly  because  of  its  deep  covering  of  Wash  and  of  the  great  influx  of  water 
due  to  its  position  on  the  western  rim  of  the  Little  Stray  Horse  Park  basin, 
and  partly  because  the  possibilities  of  the  existence  here  of  valuable  bodies 
of  ore  have  not  been  generally  understood  The  only  actual  developments 
thus  far  made  have  been  by  the  Surprise  shaft,  on  the  May  Queen  claim, 
and  by  the  Denver  City  shaft,  on  the  claim  of  the  same  name.  The  former 
found  vein  material  directly  beneath  the  Wash,  at  a  depth  of  140  feet,  con- 
sisting largely  of  chert  and  black  iron  at  the  base,  with  soft,  clayey,  low- 
grade  ore  above.  An  incline  was  run,  following  the  pitch  of  the  ore  shoot  to 
the  southwest,  although  the  dip  of  the  formation  is  here  to  the  eastward,  as 
was  soon  shown  by  the  western  drifts,  which  cut  the  Parting  Quartzite 
beneath  the  ore  horizon.  Some  good  chloride  ore  was  afterwards  found  by 
up-raises  which  reached  a  higher  portion  of  the  horizon.1 

The  Denver  City  shaft,  in  the  extreme  southeastern  corner  of  the  map, 
is  nearly  on  the  crest  of  the  moraine  ridge  which  borders  Stray  Horse  gulch 
on  the  north.  The  Wash  was  here  180  feet  deep,  beneath  which  the  main 
sheet  of  Gray  Porphyry  was  found  in  a  thickness  of  about  twenty  feet.  Under 
this  was  a  thickness  of  some  twelve  feet  of  calcareous  sandstone  and  shale, 
containing  some  low-grade  ore,  which  was  at  first  supposed  to  represent 
the  ore  horizon,  though  it  is  in  reality  only  the  irregular  parting  of  Weber 
Shales  left  between  the  Gray  and  the  White  Porphyry.  The  true  ore  horizon 
was  afterwards  struck  at  a  depth  of  234  feet,  and  rich  pockets  of  chloride 
ore  were  found  in  it.  It  was  passed  through  by  the  shaft  for  about  fifty 
feet,  ending  in  a  bed  of  chert,  with  White  Porphyry,  so  full  of  chert  frag- 
ments as  to  be  called  by  the  miners  a  conglomerate,  below  it.2 

There  is  no  question  that  a  part  of  the  Blue  Limestone  is  already 
opened  by  the  works  of  this  mine,  but  the  shaft  is  located  so  near  the 
imaginary  southeast-and-northwest  line,  where  the  lower  White  Porphyry 
cuts  across  the  Blue  Limestone,  separating  it  into  two  wedge-shaped  por- 
tions, that  there  is  a  possibility  that  a  portion  of  this  horizon  may  yet  be  left 

'Since  the  close  of  field-work,  large  and  rich  bodies  of  ore  are  said  to  have  been  opened  in  the 
Forest  City  ground,  to  the  east  of  this  claim. 

aThese  data  were  obtained  from  Mr.  Robert  Bunsen,  superintendent  of  the  Denver  City  mine, 
since  the  completion  of  field-work,  and  are  not  the  res:ilt  of  our  own  observations. 
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below  the  cross-cutting  White  Porphyry,  since  the  Parting  Quartzite,  which 
defines  the  base  of  the  Blue  Limestone  horizon,  has  not  yet  been  reached. 
As  it  is  a  question  of  considerable  economical  importance  for  owners  of 
property  in  this  vicinity  to  know  whether  a  second  ore  horizon  is  likely  to 
be  found  beneath  the  second  White  Porphyry  body,  the  evidence  on  which 
it  has  been  indicated  on  Section  C  as  probably  not  occurring  beneath  the 
Denver  City  shaft  will  be  given  in  some  detail. 

The  Denver  City  shaft  is  situated  in  strike  between  the  Lee  mine  on 
the  north  and  the  Agassiz  on  the  south,  as  may  be  seen  by  reference  to  the 
larger  map  of  Leadville  and  vicinity.  In  the  former  and  in  the  Surprise 
workings  the  whole  Blue  Limestone  horizon  is  above  the  second  White 
Porphyry,  as  evidenced  by  the  occurrence  of  the  Parting  Quartzite  at  its 
base  The  Agassiz  mine,  on  the  other  hand,  is  near  the  south  point  of  the 
wedge  of  Blue  Limestone,  while  the  greater  part  of  this  formation  must  be 
below  the  second  White  Porphyry,  forming  a  continuous  sheet,  except 
when  crossed  by  later  intrusions  of  Gray  Porphyry,  from  the  outcrop  on 
the  west  face  of  Carbonate  Hill.  This  lower  portion  of  Blue  Limestone 
or  ore  horizon,  on  the  other  hand,  must  wedge  out  to  the  north  and  east, 
as  the  upper  one  does  to  the  south  and  west,  and  the  question  to  be  decided 
is  whether  it  has  wedged  out  before  the  line  of  the  Denver  City  shaft  is 
reached  or  not.  It  is  proved  on  Stray  Horse  Ridge,  to  the  west  of  the  Denver 
City  and  below  the  lower  White  Porphyry,  by  the  Moyamensing,  Joe  Bates, 
Vanderbilt,  Pierson,  and  other  shafts,  and  in  the  valley  of  Little  Stray 
Horse  gulch  by  the  Stonewall  Jackson  shaft.  With  regard  to  the  latter, 
it  is  only  known  that  a  body  of  vein  material  has  been  found  beneath  the 
Wash.  In  the  Pittsburgh  shaft  next  north  of  this,  however,  White  Lime- 
stone is  found  directly  beneath  the  lower  White  Porphyry,  showing  that 
the  wedging-out  occurs  between  these  two  shafts  and  approximately  as  indi- 
cated on  the  map.  The  extension  of  the  line  of  wedging-out  to  the  south- 
east, which  is  the  general  direction  of  the  cross-cutting  porphyry,  would 
pass  to  the  west  of  the  Denver  City  shaft,  but  in  all  probability  not  very 
far  from  it,  so  that  there  is  a  probability  that  no  second  ore  horizon  occurs 
there.  On  the  other  hand,  as  the  porphyry  sheets  are  necessarily  some- 
what irregular  in  shape,  it  cannot  be  said  to  be  impossible  that  a  thin  sheet 
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of  vein  material  may  be  found,  especially  as  the  thickness  already  devel- 
oped of  about  fifty  feet  is  less  than  that  found  in  many  places,  even  where 
the  entire  thickness  of  the  horizon  has  been  replaced  by  vein  material. 

Little  stray  Horse  gulch. — There  still  remains  to  be  described  the  region 

O 

bordering  this  valley,  from  which  the  Blue  Limestone  or  ore  horizon  has 
been  removed  by  erosion.  The  data  with  regard  to  it  were  mainly  derived 
from  dumps  of  abandoned  prospect  shafts  and  from  testimony  of  miners 
who  had  sunk  the  shafts,  and  are  given  by  the  outlines  on  the  map,  in  addi- 
tion to  which  there  is  not  much  to  say.  It  will  be  understood  that  the 
relative  accuracy  of  these  outlines  is  dependent  upon  the  proximity  of  these 
shafts,  since  there  are  absolutely  no  rock  outcrops. 

The  Little  Diamond  shaft,  on  the  Dolphin  claim,  just  south  of  the  end 
line  of  the  Dunkin,  found  a  considerable  body  of  vein  material  beneath 
the  Wash,  which  is  the  base  of  the  ore  horizon,  where  it  has  a  local  dip  to 
the  southward,  as  shown  in  Section  D,  the  lower  body  of  White  Porphyry 
being  exposed  on  the  crest  of  this  fold  just  east  of  it.  The  two  May  Queen 
shafts,  near  the  base  of  the  Denver  City  hill,  find  only  White  Porphyry. 
The  Pittsburgh  shaft,  as  already  mentioned,  passes  through  Wash  and  White 
Porphyry  into  White  Limestone.  The  Little  Daisy  and  Eudora  shafts  find 
White  Limestone  outcropping  beneath  the  Wash.  The  new  Gambetta  shaft 
is  in  Gray  Porphyry,  supposed  to  be  the  cross-cutting  sheet  seen  in  New 
Discovery  ground  and  on  Carbonate  Hill.  This  porphyry  sheet  was  also 
cut  at  different  horizons  by  the  Eudora  shaft,  by  the  Vanderbilt  on  Stray 
Horse  Ridge,  by  the  Magnolia  shaft  in  Stray  Horse  gulch,  and,  as  already 
mentioned,  by  New  Discovery  shafts  No.  5  and  No.  6.  The  old  Grambetta 
and  Monarch  shafts  find  the  White  Limestone  directly  beneath  the  White 
Porphyry,  for  which  reason  it  is  assumed  that  a  portion  of  the  Parting 
Qiuirtzite  has  here  been  caught  up  by  the  porphyry  and  is  somewhere  in 
it  at  a  higher  horizon. 

For  the  lower  part  of  the  valley  direct  data  as  to  the  outcrops  are 
wanting.  On  the  ridge  south  of  it  the  Ida  Nyce  and  Ypsilanti  shafts 
have  found  the  Blue  Limestone  beneath  the  Wash  and  a  small  amount  of 
vein  material  in  it.  As  well  as  could  be  determined,  the  formation  has 
a  slight  easterly  dip,  as  shown  in  Section  C ;  but  on  the  south  side  of 
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the  ridge  in  the  main  Stray  Horse  gulch  there  is  some  indication  of  a 
westerly  dip  beyond  a  slight  anticlinal  fold.  It  is  unfortunate  that  no 
more  exact  information  could  be  obtained  with  regard  to  it  at  this  locality, 
as  upon  the  verification  of  the  westerly  dip  depends  in  large  degree  the 
probability  of  the  occurrence  of  the  ore  horizon  under  the  city  of  Leadville. 
Its  existence  at  the  west  end  of  Fryer  Hill  is,  however,  definitely  ascer- 
tained, and  has  been  shown  to  be  extremely  probable  along  the  west  base 
of  Carbonate  Hill,  which  lends  force  to  the  supposition  that  it  also  occurs 
at  this  intermediate  point. 

RESUME. 

From  the  above  descriptions  it  is  apparent  that,  in  spite  of  the  greater 
complications  of  structure,  the  series  of  rock  formations  on  this  hill  is 
essentially  the  same  as  that  on  Carbonate  and  Iron  Hills,  and  that  the 
processes  of  ore  deposition  have  been  essentially  the  same,  though  the 
secondary  alteration  of  the  deposits,  which  may  be  mainly  ascribed  to  the 
action  of  surface  waters,  has  been  carried  much  farther.  The  Cambrian, 
Silurian,  and  Lower  Carboniferous  horizons  are  found  in  their  normal  posi- 
tions, the  Parting  Quartzite  being  here,  as  elsewhere,  of  somewhat  variable 
thickness,  and  the  Blue  Limestone  horizon,  which  is  often  split  up  into 
several  portions  and  entirely  replaced  by  vein  material,  being  then  defined 
by  this  quartzite  below  and  by  the  micaceous  sandstone  or  quartzite  of  the 
Weber  Shales  above. 

The  intrusions  of  porphyry  are  more  extensive  and  more  varied  and 
irregular  in  form.  Above  the  normal  sheet  of  White  Porphyry,  which 
here  as  there  overlies  the  ore  horizon,  with  detached  portions  of  the  Weber 
Shales  left  between,  is  the  main  sheet  of  Gray  Porphyry,  in  great  measure 
eroded  off,  which  does  not  occur  on  the  other  hills.  In  addition  to  this, 
there  is  the  second  or  lower  sheet  of  White  Porphyry,  occurring  generally 
at  the  base  of  the  Blue  Limestone  horizon,  but  in  some  places  cutting  up 
across  its  lower  portion  and  in  others  cutting  down  below  the  Parting  Quartz- 
ite; further,  there  are  ramifying  offshoots  from  this  lower  White  Porphyry, 
which  have  locally  divided  the  Blue  Limestone  horizon  into  several  dif- 
ferent portions.  Of  later  Gray  Porphyry  intrusions,  there  is  the  larger 
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sheet,  which,  as  on  the  other  hills,  is  generally  near  the  base  of  the  Blue 
Limestone,  but  which  does  not  conform  strictly  with  the  stratification 
planes,  crossing  them  at  low  angles,  and  extending  in  geological  horizon 
from  the  upper  part  of  the  White  Limestone  well  up  into  the  Blue  Lime- 
stone, across  the  intermediate  lower  White  Porphyry.  Besides  this  are 
several  smallei  bodies  of  Gray  Porphyry  not  found  in  the  other  hills,  the 
most  important  of  which  seems  to  have  the  form  of  a  transverse  dike. 

Of  great  faults  like  those  on  Carbonate  and  Iron  Hills,  there  is  no 
evidence,  the  force  of  compression  having  only  produced  gentle  folds  and 
some  slight  displacements  of  a  few  feet  in  extent,  which  are  shown  by  sudden 
changes  of  level  in  the  ore  horizon;  such  a  one  has  evidently  occurred  along 
the  line  of  the  north  flank  of  the  porphyry  dike,  which  has  slickensides 
surfaces,  and  shows  in  some  cases  a  slight  difference  of  level  in  the  ore  hori- 
zon on  either  side. 

The  process  of  ore  deposition  has  been  evidently  the  same  metasomatic 
change  or  replacement  of  the  limestone  by  ore  and  vein  material,  only  it 
has  been  can-ied  so  much  farther  that,  instead  of  a  body  of  limestone  with 
a  little  vein  material  extending  irregularly  from  its  surface  downwards, 
there  is  found  here  only  a  mass  of  vein  material  with  occasional  irregularly- 
shaped  residuary  masses  of  unreplaced  limestone  or  lime  sand.  Owing  to 
the  irregular  distribution  of  the  intrusive  masses  of  porphyry,  whose  con- 
tact planes  afforded  channels  by  which  the  ore-bearing  currents  reached 
the  limestone,  the  evidence  is  naturally  less  striking  that  these  currents  fol- 
lowed in  general  a  downward  course.  Still  it  must  be  borne  in  inind  that 
the  greater  mass  of  the  present  bodies  of  vein  material  are  the  result  of  sec- 
ondary alteration  by  surface  waters,  and  that  this  alteration  having  been 
much  greater  here,  it  is  proportionately  more  difficult  to  trace  the  probable 
form  or  position  of  the  original  sulphuret  deposit.  In  spite  of  this  it  may 
be  observed  that  in  the  majority  of  cases  the  rich  ore,  which  is  presumably 
nearer  its  original  position  than  the  iron  oxides,  is  found  near  the  upper 
part  of  ore  horizon.  On  the  other  hand,  if  the  ore  came  directly  from  below, 
according  to  the  idea  which  is  generally  advanced  with  regard  to  the 
source  of  ore  deposits,  the  only  channel  which  it  could  have  followed  would 
have  been  the  walls  of  the  porphyr}  dike.  In  this  case  we  should  expect  to 
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find  evidences  of  the  passage  of  the  ore  currents  along  these  walls ;  but 
wherever  they  have  been  examined  these  evidences  are  conspicuously  want- 
ing. On  the  south  flank  the  dike  is  generally  separated  from  the  ore  body 
by  a  barren  zone,  containing  often,  it  is  true,  iron  vein  material,  but  evi- 
dently of  secondary  origin.  On  the  north  flank  the  ore  body  extends  up 
to  the  dike,  but  it  is  strictly  confined  to  the  ore  horizon,  and  does  not  extend 
below  that,  the  most  that  is  found  being  a  slight  staining  by  iron  oxides, 
readily  accounted  for  by  the  percolation  of  surface  waters  descending 
through  the  ore  horizon  and  carrying  down  some  of  its  material  with  it.  It 
is  unfortunate  that  a  more  conclusive  test  coul<J  not  be  afforded  by  the  cut- 
ting of  the  dike  at  a  considerable  depth  below  the  ore  horizon,  but  as  this 
has  not  been  done,  we  must  reason  from  the  evidence  that  is  at  hand. 

The  apparently  abnormal  variation  in  the  thickness  of  the  ore  horizon 
is  less  readily  accounted  for,  as  has  already  been  stated  on  page  446;  but  it 
must  be  borne  in  mind  that  the  data  from  which  the  outlines  of  formations 
have  been  reconstructed  are  very  limited  and  irregularly  distributed,  being 
derived  from  drifts  run  for  the  sole  object  of  following  known  ore  bodies 
and  without  any  purpose  of  elucidating  the  structural  conditions  of  the  vari- 
ous strata. 

The  singular  absence  of.  lead  in  the  Lee  ore  body  is  another  excep- 
tional feature  of  this  region.  It  seems  hardly  probable  that,  in  a  district 
whose  silver  is  so  universally  derived  from  argentiferous  galena  or  its 
decomposition  products,  in  this  little  spot  alone  silver  should  have  been 
deposited  by  itself.  The  more  natural  explanation  would  seem  to  be,  that 
the  deposit  is  entirely  secondary,  and  the  result  of  the  leaching  of  a  larger 
body,  now  eroded  off,  by  surface  waters,  which  carried  away  the  lead  and 
left  the  silver.  The  geological  position  of  the  ore  body  favors  this  idea;  it 
rests  immediately  on  the  Parting  Quartzite,  and  therefore  at  the  very  base 
of  the  ore  horizon ;  it  is  on  the  lower  rim  of  a  synclinal  basin,  which  is  known 
to  carry  an  immense  amount  of  water  that  would  naturally  drain  out  over 
its  edges.  It  may  be  also  that  the  absence  of  manganese  would  tend  to  the 
formation  of  the  more  soluble  sulphate  of  lead,  rather  than  the  carbonate, 
which  is  generally  found  as  the  alteration  product  of  galena  in  this  dis- 
trict. 
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The  influence  of  cross-cutting  sheets  of  porphyry  in  producing  a  con- 
centration of  rich  ore  by  causing  a  stagnation  of  the  ore  currents  is  shown 
by  the  distribution  of  the  ore  shoots.  Thus  the  northeastern  body  in  the  Cli- 
max, Dunkin,  and  Matchless  ground  lies  under  the  lee  of  the  cross-cutting 
sheet  of  White  Porphyry;  the  main  ore  shoot  in  the  Amie,  Pittsburgh,  Little 
Chief,  and  Chrysolite  lies  in  a  similar  position  relatively  to  the  Gray  Por- 
phyry dike;  and  the  southern  body  in  the  last  three  claims  lies  just  north  of 
the  lower  cross-cutting  sheet  of  Gray  Porphyry. 

The  greater  secondary  alteration  on  this  hill  is  readily  accounted  for 
by  the  fact  that  it  is  everywhere  covered  by  a  great  thickness  of  Wash.  This 
Wash,  which  is  a  loosely  aggregated  and  permeable  bowlder  clay,  acts  like 
a  wet  sponge.  It  is  constantly  full  of  water  at  its  contact  with  the  rock 
surface  on  which  it  rests,  which  water  is  doubtless  charged  with  air  and  de- 
composed vegetable  matter,  and  thus  acts  more  vigorously  upon  the  rocks 
than  would  water  flowing  freely  over  the  actual  surface  of  the  ground 
or  that  which  percolates  in  minute  channels  through  the  solid  rocks  beneath 
the  surface.  This  is  shown  by  the  fact  that  the  upper  sheet  of  White  Por- 
phyry, which  lies  immediately  beneath  the  Wash,  is  generally  reduced  to  a 
plastic  mass,  in  which  all  trace  of  the  original  structure  of  the  rocks  is  lost, 
while  the  lower  sheet  of  the  same  rock  is  still  a  hard,  compact  rock,  forming 
what  the  miners  call  block  porphyry. 


CHAPTER  V. 

OTHER  GROUPS  OF  MINES. 

MINES  AND  PROSPECTS  IN  THE  LEADVILLE  REGION. 

It  is  from  the  mines  included  in  the  three  groups  already  described  that 
what  may  be  considered  the  permanent  ore  supply  of  Leadville  has  been 
thus  far  derived,  and  it  is  in  these  mines  alone  that  exploitation  has  been 
carried  on  so  continuously  and  extensively  as  to  afford  an  opportunity  to 
study  in  detail  the  character  and  the  form  of  the  different  ore  bodies  and 
their  relations  to  the  inclosing  and  neighboring  rocks.  For  this  reason  they 
have  been  described  with  a  detail  that  may,  in  the  future,  seem  dispropor- 
tionate to  their  relative  importance,  especially  when,  as  is  likely  to  be  the 
case  at  no  far  distant  day,  the  deposits  of  these  limited  areas  shall  have 
become  nearly  exhausted  and  the  main  supply  is  derived  from  what  may 
now  be  considered  outside  areas.  From  the  evidence  obtained  during  this 
study  it  is  fair  to  assume  that  a  greater  amount  of  as  yet  undiscovered  ore 
exists  outside  these  areas  than  has  already  been  developed  in  the  small 
groups  already  described,  and  that,  while  its  exploitation  will  necessarily 
be  more  difficult,  owing  to  greater  depth  and  large  influx  of  water,  and  its 
reduction  will  require  more  complicated  processes,  owing  to  a  greater  pre- 
ponderance of  sulplmrets,  these  disadvantages  will  be  offset  by  greater  ad- 
vantages of  working,  brought  about  by  a  more  thorough  knowledge  of  the 
geological  relations  of  the  ore  deposits  and  by  improvements  introduced 
into  the  various  processes  of  reduction. 

With  but  few  exceptions  these  outside  mines  have  been  hitherto  but  in- 
termittently worked,  and,  owing  to  some  minor  differences  in  the  character 
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of  their  deposits  or  of  their  inclosing  rocks,  their  geological  structure  has 
been  more  imperfectly  understood  by  those  in  charge,  and  the  work  of  explo- 
ration been  carried  on  with  less  system  and  sometimes  in  an  utterly  aimless 
manner.  Although  it  has  been  impracticable  for  these  reasons  to  determine 
with  the  same  accuracy  and  detail  the  relations  of  the  ore  be  dies  in  these 
outside  mines  as  has  been  done  for  those  of  Iron,  Fryer,  and  Carbonate 
Hills,  an  explanation  of  their  general  geological  structure  will  be  of  value 
as  a  guide  for  future  exploitation,  and  a  consideration  of  the  relative  amount 
of  replacement  action  in  different  portions  of  the  Leadville  region,  as  shown 
by  the  developments  thus  far  made  in  them,  will  afford  a  basis  for  determin- 
ing the  probable  extent  and  direction  of  the  original  ore  currents,  and  in 
consequence  what  part  of  the  ore  horizon,  which  the  geological  outlines 
have  already  located,  is  most  likely  to  contain  valuable  ore  bodies. 

An  examination  of  the  relative  distribution  of  vein  material  shown 
by  the  outcrops,  as  delineated  in  cross-lining  on  the  Leadville  map,  shows 
two  lines  or  zones  along  which  the  evidence  of  replacement  action  is  most 
apparent,  one  running  east  from  Fryer  Hill  to  Little  Ellen  Hill,  the  sec- 
ond taking  more  of  a  southeasterly  course  from  the  southern  end  of  Carbon- 
ate Hill  to  Long  and  Derry  Hill.  In  the  area  between  these  two  zones  the 
surface  is  formed  by  porphyry  bodies  which  overlie  the  ore  horizon,  so  that 
no  outcrops  of  vein  material  show  on  the  map,  except  a  few  thin  lines  along 
the  edges  of  fault  planes.  Under  these  porphyry  bodies  in  Carbonate  and 
Iron  Hills  a  very  large  proportion  of  the  area  is  already  proved  to  be  occu- 
pied by  valuable  ore  bodies,  and  it  may,  therefore,  be  reasonably  expected 
that  similar  bodies  exist  under  the  porphyry  sheets  between  these  zones, 
farther  east,  although,  owing  to  the  greater  depth  of  the  ore  horizon,  they 
have  not  yet  been  reached  by  mine  workings.  There  is  evidence  of  still 
another  zone  of  replacement  extending  north  from  Fryer  Hill  under  Prospect 
Mountain,  but,  as  the  ore  horizon  has  been  reached  in  few  points  and  the 
vein  material  has,  at  these  few  points,  proved  comparatively  poor,  the  chances 
of  finding  any  considerable  development  of  rich  ore  in  that  direction  have 
necessarily  a  smaller  basis  of  probability  than  to  the  eastward,  though  the 
general  geological  conditions  favor  it. 
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In  the  description  which  follows,  the  mines  will  be  grouped  according 
to  the  main  features  of  geological  structure  already  outlined  in  Part  I, 
Chapter  V. 

LITTLE    STRAY    HORSE   SYNCLINE. 

As  shown  in  the  previous  chapter,  the  eastern  portion  of  the  area  rep- 
resented on  the  Fryer  Hill  map  belongs  structurally  to  the  western  rim  of 
the  Little  Stray  Horse  basin,  and  the  ore  horizons  of  the  Little  Sliver,  For- 
est City,  and  Denver  City  mines,  if  followed  continuously  eastward,  would 
finally  reach  the  bottom  of  the  basin.  The  basin  is  bowl-shaped,  its  out- 
lines being  shown  on  the  map  by  those  of  the  Gray  and  White  Porphyry 
bodies  which  fill  its  depression. 

Southern  rim. — Through  its  southern  rim  runs  the  zone  of  cross-cutting 
White  Porphyry,  in  virtue  of  which  the  Blue  Limestone  along  the  southern 
and  western  rim  is  supposed  to  be  split  into  two  wedge-shaped  sheets.  Of 
these  the  lower  one,  which  thickens  to  the  south  and  constitutes  the  entire 
thickness  of  the  horizon  in  the  mines  of  Iron  and  Carbonate  Hills,  is  buried 
under  the  whole  overlying  White  Porphyry  under  the  northern  end  of 
Graham  Park,  and  its  depth  or  condition  of  mineralization  is  not  known. 
The  points  nearest  to  the  axis  of  the  basin  at  which  it  has  been  reached  are 
in  the  Highland  Mary  (P— 52),  in  Stray  Horse  gulch  on  the  east,  and  in  the 
Wolftone  (T-5)  on  the  west. 

The  upper  portion,  which  wedges  out  to  the  south,  outcrops  under  the 
Wash  as  indicated  on  the  map,  commencing  to  thin  out  near  the  southern 
edge  of  the  area  of  the  Fryer  Hill  map,  and  reaching  its  thinnest  point  at  the 
Mahala  (T-2).  It  is  proved  in  the  following  shafts:  The  Moyamensing 
(S— 12)  strikes  iron  vein  material,  which  probably  forms  the  outcrop  of  the 
Denver  City  ore  body,  below  the  Wash  at  115  feet.  In  the  Robert  Emmet 
mine,  in  Stray  Horse  gulch,  this  portion  of  the  Blue  Limestone  is  represented 
by  50  feet  of  manganiferous  iron,  with  White  Porphyry  above  and  below, 
the  overlying  porphyry  showing  traces  of  original  pyrites  which  have  been 
dissolved  out.  The  main  shaft  reached  the  contact  at  110  feet,  finding  a 
dip  of  30°  N.  E.  and  being  sunk  afterwards  150  feet  in  underlying  por- 
phyry. The  ore  thus  far  extracted  has  been  taken  between  this  shaft  and 


496  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADV1LLE. 

the  outcrop,  which  crosses  Stray  Horse  gulch  just  below  the  tunnel  (S-3). 
Farther  south  the  Agassiz  (T-3)  finds  the  vein  material  and  limestone  30 
feet  thick,  at  a  depth  of  45  feet,  the  Goneabroad  (T-4)  finds  it  at  80 
feet,  and  the  Cyclops  (T-l),  farther  east,  finds  it  at  148  feet  below  rock 
surface,  with  a  thickness  of  50  feet,  and  passes  through  it  into  underlying 
porphyry.  In  the  Agassiz,  as  in  the  Robert  Emmet,  the  vein  material  is 
mariganiferous  iron,  with  carbonate  ore  at  its  upper  surface,  sometimes  five 
or  six  feet  thick  ;  about  five  feet  of  quartzite  are  found  above  the  contact,  as 
in  Carbonate  Hill.  The  dip  is  about  30°  N.  E.  The  Greenback  shaft 
(O-53)  found  Lake  beds,  the  northern  continuation  of  the  Graham  Park 
area  (see  Atlas  Sheet  VI),  beneath  the  Wash.  The  ore  horizon  consisted  of 
3  feet  of  iron  and  chert,  45  feet  of  limestone,  and  again  7  feet  of  iron. 
White  Porphyry  was  penetrated  40  feet  below  this. 

southeastern  rim. — On  the  eastern  rim  of  the  southern  end  of  the  basin  the 
outcrops  of  the  Blue  Limestone  are  less  continuously  proved.  The  Indiana 
(P-53)  finds  limestone  directly  beneath  the  Wash,  while  the  Highland  Mary 
(P-52)  reaches  the  lower  body  of  Blue  Limestone  after  passing  through 
122  feet  of  White  Porphyry.  The  Rarus  (P-61)  passes  through  the  edge 
of  the  Gray  Porphyry  sheet  directly  into  limestone,  showing  that  here  the 
upper  White  Porphyry  is  wanting.  It  comes  in  again,  however,  in  the 
Hunkidori  (P-72)  shaft,  a  little  east,  which  penetrated  it  for  40  feet,  after 
passing  through  1 70  feet  of  Gray  Porphyry  and  5  feet  of  Weber  Shales. 

western  rim. — Along  the  'western  rim  a  number  of  shafts  have  been  sunk 
in  Gray  Porphyry,  in  search  of  the  continuation  on  the  dip  of  the  Lee  and 
May  Queen  ore  body,  without  having  yet  reached  it,  the  influx  of  water 
making  it  difficult  to  sink  their  shafts.  Some  had  penetrated  the  White 
Porphyry  a  short  distance,  and  these  had  always  found  a  portion  of  the 
Weber  Shale,  either  as  quartzite  or  as  black  carbonaceous  shale  impregnated 
with  pyrites,  at  the  contact  of  the  two  porphyries.  All  had  found  Wash 
from  ninety  to  two  hundred  feet  deep.  In  the  Little  Sliver  (P-81)  the  White 
Porphyry  was  41  feet  thick  ;  the  Shamus  O'Brien  (P-73)  had  penetrated  it 
30  feet ;  the  Tip  Top  (P-75),  38  feet ;  the  Union  Emma  (P-79),  25  feet :  and 
the  Bangkok  (P-77),  52  feet;  while  the  Cora  Bell  (P-78),  Forepaugh  (P-76), 
Prince  of  Orleans  (P-71),  and  Olive  Branch  (P-70)  were  still  in  the  Gray 


LITTLE  STRAY  HOUSE  SYNCLINE.  497 

Porphyry  and  the  Lickscuindidrix  (P-68)  bore-hole,  in  the  middle  of  the 
basin,  has  gone  through  400  feet  without  reaching  its  base. 

Eastern  rim — East  of  the  above  shafts  the  El  Paso  (P-G5)  and  Little 
Miami  (P-58),  at  depths  of  470  feet  and  390  feet,  respectively,  were  still  in 
White  Porphyry,  after  having  passed  through  Gray  Porphyry,  and  through 
varying  thicknesses  of  Weber  Shales  both  at  the  contact  of  the  two  porphy- 
ries and  within  the  lower  body.  The  Kennebec  (P-55),  Cullen  (P-57),  and 
Aztec  (P-54)  have  reached  the  limestone  after  passing  through  the  two  por- 
phyries, the  former  finding  a  second  sheet  of  White  Porphyry  within  the  lime- 
stone. The  same  sheet  is  found  in  the  Cordelia  Edmondson  (P-41),  which 
is  sunk  in  a  large  body  of  vein  material,  directly  below  the  Wash.  Several 
other  shafts  have  struck  the  very  considerable  body  of  vein  material  which 
replaces  the  Blue  Limestone  on  this  rim  of  the  basin,  but  as  yet  no  impor- 
tant ore  bodies  have  been  found. 

The  most  extensive  workings  are  in  the  Chieftain  and  Scooper  mines. 
The  former  is  opened  by  a  tunnel  (P-43),  which  runs  southeast  through 
vein  material,  and  then  through  limestone,  compressed  into  gentle  folds  but 
apparently  with  a  slight  dip  west,  and,  at  a  distance  of  360  feet  from  the 
mouth,  strikes  granite  which  forms  the  foot-wall  of  the  Iron  fault.  A 
decomposed  porphyry,  resembling  White  Porphyry,  is  found  adjoining  the 
•fault.  The  limestone  near  the  end  of  the  tunnel  is  quite  light  colored;  it 
may  be  the  White  Limestone,  but  the  structure  was  not  sufficiently  shown 
to  make  this  certain.  The  Scooper  (P-44)  shaft  was  sunk  through  60  feet 
of  Wash,  20  feet  of  Gray  Porphyry,  and  f>  feet  of  White  Porphyry,  to 
iron  and  limestone.  The  contact  with  the  porphyry  is  here  very  steep  and 
runs  in  a  direction  a  little  east  of  south,  being  cut  by  several  drifts  ;  it  was 
supposed  to  be  the  line  of  a  fault.  It  is  probably,  however,  simply  an 
unusual  steepening  of  the  dip  on  this  edge  of  the  basin,  as  the  Indiana 
(P-64)  shaft,  about  400  feet  west  of  it,  was  still  in  Gray  Porphyry  at  a 
depth  of  330  feet.  The  limestone  and  vein  material  are  crushed  and  folded 
even  more  than  in  the  Chieftain,  and  probably  from  the  same  cause,  viz, 
compression  against  the  Iron  fault.  Considerable  very  silicious,  hard  car- 
bonate ore,  rich  in  chloride  of  silver,  has  been  taken  from  this  mine,  but 
for  some  unexplained  reason  the  developments  have  been  very  irregular 
and  without  system. 

MON  xir 32 
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This  basin  has  been  described  somewhat  in  detail  to  show  how  much 
fruitless  labor  has  been  expended  in  a  region  whose  surroundings  would 
lead  one  to  suppose  that  it  contains  fine  bodies  of  ore.  Although  so  many 
shafts  have  been  sunk  to  depths  of  200  to  500  feet,  the  contact  has  been 
seldom  reached,  and  even  then  but  little  explored.  The  main  difficulty  has 
been  the  great  amount  of  water  met  in  depth,  which  could  not  be  controlled 
by  the  pumping  apparatus  in  ordinary  use.  That  such  a  basin  should  hold 
a  large  amount  of  water,  especially  when  its  outcrops  are  crossed  by  two 
such  stream  beds  as  those  of  Big  Evans  and  Stray  Horse  gulches,  is  most 
natural,  and  it  will  probably  be  impracticable  for  any  one  mine  to  work  in 
it  alone.  Work  must  be  carried  on  by  combination  either  of  actual  prop- 
erties or  else  of  working  expenses,  and  powerful  pumping  apparatus  must 
be  established  to  drain  the  whole  basin  from  its  deepest  point. 

YANKEE    HILL    ANTICLINE. 

On  the  western  slope  of  Yankee  Hill  the  J.  B.  Grant  shaft  found  about 
eight  feet  of  vein  material  between  White  Porphyry  and  White  Limestone, 
which  is  only  significant  as  showing  that  replacement  action  has  gone  on 
to  a  certain  extent  beneath  the  lower  sheet  of  White  Porphyry. 

On  the  eastern  side  of  Yankee  Hill  a  large  body  of  iron  vein  material 
has  been  found,  extending  from  the  Clara  Dell  and  Little  Champion  north- 
ward through  the  Bevis  and  Boulder  Nest  mines,  and  thence  eastward  to 
the  Andy  Johnson,  which  reached  it  after  passing  through  200  feet  of  Gray 
and  White  Porphyries.  This  body  consists  of  iron  oxides  and  chert  and 
is  undoubtedly  much  more  extensive  than  has  been  represented  on  the 
map;  it  contains  some  ore,  but  the  data  obtained  with  regard  to  it  were 
too  meager  to  do  more  than  prove  the  same  probability  of  the  existence 
of  valuable  ore  bodies  in  the  synclinal  basin  to  the  eastward  that  exists  in 
regard  to  Stray  Horse  Park.  The  Superior  (K-61)  and  Mountain  Boy 
(K-60)  shafts  struck  a  considerable  body  of  limonite  and  chert  on  the 
southwestern  edge  of  this  basin,  dipping  at  an  angle  of  about  30°  to  the 
northeast.  This  body,  which  is  some  fifty  feet  thick,  is  supposed  to  be 
the  replacement  of  a  split-off  portion  of  the  Blue  Limestone.  This  supposi- 
tion accounts  for  the  apparent  want  in  the  thickness  of  this  horizon  to  the 
west  on  a  line  drawn  through  the  Leavenworth  shaft,  as  shown  on  the  map 
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and  explained  in  Part  I,  Chapter  V.  On  the  other  hand,  it  is  the  Weber 
Shales  that  are  ordinarily  found  between  the  Gray  and  White  Porphyry 
sheets,  and  in  the  Theresa  (K-57)  shaft,  a  short  distance  to  the  northeast, 
highly  pyritiferous  shales  were  found  in  this  horizon  at  a  depth  of  325  feet. 
Breece  iron  mine. — In  a  similar  position  occurs  the  deposit  of  the  Breece 
Iron  mine,  situated  on  a  spur  of  Breece  Hill,  overlooking  Adelaide  Park. 
This  remarkable  deposit  of  iron  ore  is  found  at  the  surface  in  two  distinct 
bodies,  shown  in  open  cuts,  the  one  a  short  distance  above  the  other.  The 
lower  body  has  a  maximum  thickness  of  20  to  25  feet  and  rests  on  White 
Porphyry,  with  a  mottled  porphyry  on  the  hanging  wall.  The  upper  body 
is  not  so  thick  and  is  overlaid  by  the  main  sheet  of  Gray  Porphyry;  both 
dip  eastward,  and  the  shaft  (K-39)  higher  up  the  hill  has  been  sunk  through 
30  feet  of  iron  without  reaching  the  bottom  of  the  body,  from  which  it  may 
be  supposed  that  the  two  bodies  have  here  come  together.  The  Gray  Por- 
phyry has  either  the  characteristic  large  crystals  of  orthoclase  or  the  cavities 
which  they  once  filled.  The  intermediate  porphyry  is,  however,  of  finer 
grain,  of  a  pinkish  color,  and  is  full  of  minute  cavities  having  the  form  of 
crystals  of  pyrite.  This  may  possibly  represent  a  tongue  of  Pyritiferous 
Porphyry  extending  between  the  two  iron  bodies.  The  lower  (K-36)  shaft 
has  been  sunk  350  feet  in  the  underlying  White  Porphyry,  which,  near  the 
iron  body,  is  also  impregnated  with  pyrite.  The  iron  bodies  are  rather 
irregular  in  shape  and  send  offshoots  or  stringers  into  the  surrounding  rocks. 
The  ore  is,  however,  massive  and  compact  and  remarkably  free  from  earthy 
gangue.  It  has  been  largely  used  as  a  flux  in  the  smelting  works,  being 
"supposed  to  carry  several  ounces  of  silver  to  the  ton,  and  has  also  been 
used  by  the  Colorado  Coal  and  Iron  Company  in  the  manufacture  of 
Bessemer  steel.  It  is  a  very  pure  hematite,  with  a  certain  admixture  of 
magnetite  which  seems  to  occur  mainly  near  the  outcrop.  It  carries  about 
66  per  cent,  of  metallic  iron.  The  complete  analysis  of  an  average  specimen, 
by  Mr.  Guyard,  will  be  found  in  Appendix  C.  Undecomposed  pyrites  are 
found  in  the  ore  from  the  upper  shaft.  It  seems  probable  that  this  body, 
like  the  iron  bodies  in  the  various  silver  mines,  is  the  result  of  the 
oxidation  of  pyrites,  which  were  concentrated  at  the  junction  of  the  three 
bodies  of  porphyry.  It  differs  in  being  anhydrous,  while  all  the  others  are 
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hydrated ;  also,  in  the  fact  that  it  occurs  high  up  on  the  hill  and  free  from 
the  ordinary  covering  of  Wash,  which,  no  doubt,  promotes  decomposition 
and  the  chemical  combination  of  water  in  rocks  that  underlie  it.  From  the 
staining  of  rocks  eastward,  along  the  outcrop  of  the  contact,  and  from  data 
obtained  from  shafts  sunk  higher  up  on  the  hill,  it  appears  that  an  iron  body 
extends,  though  not  continuously,  for  some  distance  to  the  eastward 

SYNCLINE   EAST    OF    YANKEE    HILL. 

The  geological  structure  of  the  area  between  Yankee  Hill  and  Weston 
fault  has  been  already  explained  in  Part  I,  Chapter  V,  and  is  graphically 
shown  in  Sections  C,  D,  and  L.  As  yet  no  considerable  ore  bodies  have 
been  found  at  the  ore  horizon  in  this  area;  but  it  seems  not  to  have  received 
the  attention  it  deserves,  in  view  of  the  good  indications  afforded  by  the 
explorations  already  made.  These  may  be  briefly  enumerated  as  follows: 

The  amount  of  vein  material  proved  on  its  western  rim  has  been  men- 
tioned above.  On  the  south  side,  the  Little  Prince  (K-32)  shaft  passed 
through  150  feet  of  Gray  Porphyry  and  80  feet  of  White  Porphyry  to  the  Blue 
Limestone  horizon,  which  is  here  about  one  hundred  and  twenty  feet  thick 
and  entirely  replaced  by' a  porous  silicious  material,  not  unlike  the  granular 
quartz  gangue  of  the  Morning  Star  mine.  At  first  glance  it  somewhat 
resembles  a  decomposed  porphyry,  and  in  it  small  irregular  bodies  of  sand 
carbonate,  but  no  limestone,  have  been  found.  The  Parting  Quartzite  was 
found  below  it.  On  the  lower  slopes  of  the  hill  the  Nora  (K-23),  Bosco 
(K-28),  Across  the  Ocean  (K-31),  and  Great  Hope  (K-30)  shafts  were 
sunk  through  Gray  Porphyry  to  the  ore  horizon,  the  first  two  without  find- 
ing any  intervening  White  Porphyry.  In  all  more  or  less  vein  material  was 
found  replacing  the  limestone.  The  Onota,  from  which  the  typical  Gray 
Porphyry  was  taken  for  analysis,  also  reached  limestone  near  the  middle  of 
the  basin.  In  the  Great  Hope  quartzite  was  reached  after  passing  through 
60  feet  of  vein  material.  In  the  iron  vein  material  some  large  layers  of 
lime-sand  were  found,  and  at  105  feet  from  the  surface  a  streak  of  galena 
five  to  six  feet  thick  is  said  to  have  been  passed  through,  but  the  main  ore 
of  the  mine  was  taken  from  the  quartzite,  which,  as  well  as  the  lower  por- 
tion of  the  iron  body,  was  impregnated  with  gold.  The  gold  was  very 
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coarse.  Some  four  hundred  to  five  hundred  tons  of  quartzite  gold  ore, 
averaging  one  and  a  half  ounces  of  gold  and  four  ounces  of  silver  to  the 
ton,  are  said  to  have  been  taken  from  the  mine,  and  one  lot  of  3,000  pounds  is 
said  to  have  yielded  thirty-one  ounces  of  gold  to  the  ton.  A  dike  of  White 
Porphyry,  cut  in  the  eastern  portion  of  the  workings,  may  have  influenced 
the  concentration  of  ore  at  this  point.  The  quartzite  is  probably  Parting 
Quartzite,  though  the  thickness  of  60  feet  given  for  the  Blue  Limestone 
horizon  seems  small,  especially  as  it  is  said  to  have  been  over  ninety-six 
feet  thick  in  the  adjoining  Across  the  Ocean  shaft.  The  vein  material  on 
the  dump  of  the  latter  contained  a  great  many  quartz-lined  cavities,  and  it 
is  possible  that  what  was  taken  for  quartzite  in  the  Great  Hope  was  simply 
granular  silicious  gangue  like  that  in  the  Little  Prince. 

SOUTH    EVANS   ANTICLINE. 

Highland  chief  mine. — The  vicinity  of  the  South  Evans  anticline  has  evi-' 
dently  been  a  favorable  locality  for  ore  deposition,  but  the  development  of 
the  ore  bodies  has  been  retarded  by  the  difficulty  of  understanding  the 
geological  structure  and  the  relative  positions  at  which  they  occur.  The 
Highland  Chief  mine  has  been  the  most  important  ore  producer  of  this 
portion  of  the  district.  It  is  opened  by  a  shaft  on  the  brow  of  the  hill 
overlooking  South  Evans  gulch  and  by  a  tunnel  run  in-  to  meet  it  part  way 
down  the  slope.  Fig.  2  represents  an  ideal  section  on  a  broken  line  drawn 
through  the  Highland  Chief  shaft  (L-l),  the  tunnel  (G-54),  and  the  Eliza 
shaft  (G-58). 


Blue  Lime-tone. 


Parting  Quartzite.         \Vhjte  Limestone.          White  Porphyry.          Gray  Porphyry. 
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Both  tunnel  and  shaft  are  driven  through  Gray  Porphyry  to  the  contact, 
the  upper  White  Porphyry  being  here  wanting.  No  limestone  is  struck  in 
either,  but  a  winze  sunk  a  short  distance  from  the  mouth  of  the  shaft  found 
it,  as  did  the  Highland  Mary  (G-55)  and  Curran  (G-56)  shafts  close  by, 
which  found  some  vein  material,  but  no  ore.  Vein  material  rises  rapidly 
in  the  floor  of  the  tunnel  as  it  approaches  the  shaft,  and  the  latter  is  sunk 
in  it  1 70  feet  below  the  tunnel  level.  The  lower  surface  of  the  porphyry 
sheet  has  a  dip  to  the  northeast,  which  is  also  seen  in  the  eastern  portion 
of  the  workings  beyond  the  line  of  the  section,  while  in  the  southwest 
workings  there  is  a  dip  westward.  In  the  Chemung  (K-5)  tunnel,  which 
is  driven  400  feet,  along  the  contact  of  Gray  and  White  Porphyries  and 
then  in  Blue  Limestone,  in  a  southeasterly  direction,  from  a  point  just 
below  the  road  about  seven  hundred  feet  southwest  of  the  mouth  of  the 
Highland  Chief  tunnel,  the  limestone  at  the  end  is  found  to  be  dipping 
westward.  It  thus  appears  that  there  is  a  slight  ridge  or  lateral  fold  in 
the  formation,  which  is  shown  on  the  map  by  the  curve  in  the  strike  of 
the  formations.  The  section,  whose  line  is  taken  along  the  crest  of  this 
fold,  shows  at  right  angles  to  it  a  more  pronounced  folding,  forming  an 
anticlinal  and  synclinal  structure  parallel  to  the  South  Evans  anticline, 
which  is  necessitated  by  the  intersections  of  formation  lines  obtained  in 
the  Highland  Chief  and  Eliza  (G-58)  shafts.  The  intermediate  outcrops 
are  obscured  by  the  moraine  material  or  Wash,  left  on  the  shoulder  of 
the  hill  by  the  South  Evans  glacier.  The  section  shows  the  rounded 
outlines  of  rock  surface  left  under  the  Wash  by  this  glacier  and  the  abrupt 
slope  below  the  Eliza  shaft  produced  by  later  erosion.  A  dike  of  Gray 
Porphyry,  running  northeast  and  southwest,  is  cut  in  the  south  drifts  from 
the  second  level  of  the  Highland  Chief  mine,  but  does  not  seem  to  be  con- 
tinuous, as  it  is  wanting  in  the  southwest  workings  on  the  tunnel  level.  It 
has  evidently  the  same  irregular  character  that  has  been  seen  in  similar 
transverse  bodies  on  Carbonate  and  Iron  Hills,  and,  like  them,  has  evidently 
had  a  favorable  influence  on  the  concentration  of  ore.  The  vein  material 
of  this  mine  is  very  silicious  and  resembles  the  porous  hard  carbonate 
described  in  Carbonate  Hill,  but  carries  less  iron ;  the  cavities  contain  cerus- 
site  and  chloride  of  silver.  The  ore  is  relatively  rich,  many  lots  averaging 
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from  one  hundred  to  two  hundred  ounces  of  silver  to  the  ton,  but  it  is 
generally  low  in  lead,  and  therefore  difficult  to  smelt.  It  frequently  con- 
tains copper  in  the  state  of  carbonate  or  silicate,  which  gives  it  a  green 
color,  associated  with  hydrous  phosphates  of  alumina.  As  far  as  could 
be  seen  it  is  much  more  irregularly  distributed  throughout  the  vein  mate- 
rial than  in  the  carbonate  mines  generally  Copper  ore  similar  to  that  of 
the  Highland  Chief  is  found  in  the  Little  Johnny  (F-29)  and  Rattling  Jack 
(F-28).  The  upper  White  Porphyry  conies  in  again  at  these  shafts,  the 
intermediate  ones,  like  the  Uncle  Sam  (F-32  and  F-33),  having  found  vein 
material  directly  beneath  the  Gray  Porphyry.  From  the  thickness  of  lower 
White  Porphyry  shown  in  the  Eliza  shaft,  it  may  be  assumed  that  on  the 
line  of  this  section  the  entire  mass  of  White  Porphyry  has  gone  below  the 
Blue  Limestone  horizon. 

Colorado  Prince  group. —  The  lower  formations,  which  form  a  cliff  face  over- 
looking South  Evans  gulch  between  the  Highland  Chief  mine  and  the  Col- 
orado Prince  fault,  have  been  exposed  by  numerous  mine  workings.  These 
have  been  exploited  in  such  an  irregular  and  intermittent  manner  that  it  has 
be.en  impossible  to  obtain  satisfactory  data  as  to  the  amount  or  quality  of 
ore  extracted  from  them.  The  geological  structure  shown  by  the  various 
shafts  and  tunnels  that  were  examined  is,  however,  interesting,  showing  the 
rising  of  the  beds  over  the  South  Evans  anticline  and  the  slight  displace- 
ment caused  by  the  Colorado  Prince  fault.  Just  above  the  Colorado  Prince 
tunnel  there  is  an  actual  rock  outcrop  of  White  Porphyry  and  overlying 
Lower  Quartzite,  forming  a  steep  cliff;  but,  on  the  shoulder  above,  the  rock 
surface  is  deeply  buried  under  the  Wash,  a  relic  of  the  lateral  moraine  of 
the  South  Evans  glacier.  The  following  diagram  shows  an  ideal  section, 
drawn  through  the  Colorado  Prince  tunnel  (G-43)  and  shaft  (G-47),  and 
the  shafts  of  the  Miner  Boy,  No.  3  (G-48),  No.  1  (G-50),  and  No.  2  (G-51). 
The  Miner  Boy  or  Kentucky  tunnel  (G-42),  which  is  a  little  beyond  the 
line  of  the  section,  is  indicated  in  dotted  lines. 
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The  most  important  mine  of  this  group  is  the  Colorado  Prince,  which 
has  its  own  stamp  mill  for  crushing  and  .amalgamating  its  ore.  According 
to  the  reports  of  experts  who  have  examined  it,  it  has  a  very  large  body  of 
rich  ore,  but  the  practical  results  of  work  do  not  thus  far  seem  to  have 
justified  their  prognostications.  The  management  of  the  mill  has  been  so 
frequently  changed  that  it  was  impossible  to  learn  the  actual  working  results 
of  treatment  over  a  long  enough  period  to  determine  whether  the  apparent 
want  of  success  was  due  to  the  quality  of  the  ore  itself  or  to  faulty  methods 
of  reduction. 

The  deposit  of  the  Colorado  Prince  and  Timer  Boy  mines  is  somewhat 
in  the  nature  of  a  gash  vein  in  the  Lower  Quartzite.  It  stands  at  an  average 
pitch  of  75°  to  the  east,  varying  between  60°  and  the  vertical.  Its  strike 
is  about  N.  15°  W.  It  varies  in  width  from  a  few  inches  to  five  or  six  feet, 
and  in  the  upper  workings  is  said  to  have  been  stoped  out  on  a  width  of 
'20  feet.  It  has  no  distinct  walls  or  clay  selvages,  and  the  matrix  of  the 
ore  is  principally  decomposed  qtiartzite,  more  or  less  stained  by  iron  oxides. 
Near  the  Miner  Boy  No.  3  shaft  it  splits  into  two  branches,  one  following 
its  general  direction,  the  other  being  more  nearly  north  and  south.  Fol- 
lowing the  vein  is  a  thickness  of  one  to  three  feet  of  light-colored  de- 
composed rock,  called  by  the  miners  trachyte  and  considered  by  one 
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expert  to  be  a  propylite  dike.  It  is,  however,  only  a  fine  grained 
conglomerate  of  rounded  pebbles  of  quartz  in  a  clay  matrix.  So  far  as 
explored,  the  vein  is  confined  to  the  horizon  of  the  Lower  Quartzite,  the 
upper  20  feet  of  which  are  calcareous.  It  may  have  extended  up  into  the 
White  Limestone,  but  it  has  not  yet  been  followed  into  the  White  Porphyry 
below  and  shows  a  tendency  to  pinch  in  that  direction.  The  ore  is  essen- 
tially a  free-gold  ore  and  is  generally  stained  by  oxide  of  iron  and  carbon- 
ate of  copper.  Galena  occurs  sparingly,  having  been  only  observed  in  a 
few  spots.  Carbonate  of  lead  is  said  to  have  been  found.  The  first  and 
second  class  ores  are  generally  sent  to  the  smelting  works  at  Argo,  only 
the  third  class  going  to  the  stamp  mill. 

The  vein  seems  to  be  the  result  of  the  action  of  percolating  waters 
along  a  fracture  plane  in  the  formation,  which  was  very  probably  formed 
at  the  time  of  the  displacement  of  the  Colorado  Prince  fault,  with  which  it 
has  a  general  parallelism.  The  ore  is  probably  the  result  of  the  oxidation 
of  pyrites,  and  whether  it  was  originally  concentrated  in  this  form  in  its 
present  position  or  brought  in  as  a  secondary  deposition  from  the  sur- 
rounding rocks  it  is  difficult  to  say  definitely. 

The  general  dip  of  the  formations  in  these  workings  is  steeply  to  the 
south,  sometimes  varying  a  little  to  the  west  and  again  to  the  eastward. 
Its  observed  angle  also  varies  from  35°  to  60°  in  the  Colorado  Prince  work- 
ings, the  steeper  dip  occurring  near  the  Miner  Boy  shaft.  The  intersections 
obtained  in  the  Colorado  Prince  tunnel  are  shown  on  the  section.  The 
Kentucky  or  Miner  Boy  tunnel  was  run  for  the  following  distances  through 
the  successive  formations:  Lower  Quartzite,  200  feet;  White  Limestone,  200 
feet;  White  Porphyry,  40  feet;  Parting  Quartzite,  35  feet;  Blue  Lime- 
stone, 50  feet  to  the  bottom  of  shaft  No.  1.  These  figures,  it  must  be 
remembered,  are  not  actual  thicknesses  of  the  formations.  The  lower  part 
of  the  Blue  Limestone  as  exposed  in  Miner  Boy  No.  1  shaft  is  thoroughly 
impregnated  with  oxide  of  iron  and  is  said  to  have  yielded  some  very  good 
assays.  The  No.  2  shaft  of  the  Miner  Boy  found  black  shales  of  the  Weber 
Shale  formation  directly  beneath  the  Wash. 
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LITTLE   ELLEN   HILL. 

On  Little  Ellen  Hill  the  Blue  Limestone  has  been  found  to  be  replaced 
to  a  considerable  extent  and  some  argentiferous  lead  ore  has  been  obtained 
from  it;  but  present  explorations  cover  only  a  small  proportion  of  its  area. 
The  principal  mines  are  the  Virginius  and  Little  Ellen.  The  Virginius 
(G-24)  is  opened  by  a  tunnel  run  southwards  along  the  strike  of  the  for- 
mation from  the  north  side  of  the  hill,  facing  Big  Evans  gulch.  The  lime- 
stone is  largely  disintegrated  and  in  the  condition  of  lime-sand.  The  vein 
material,  as  usual  an  impure  iron  oxide,  is  very  silicious.  Galena  is  thickly 
scattered  through  it,  but  the  ore  is  of  rather  low  grade  in  silver.  The 
tunnel  is  250  feet  long,  and  drifts  from  it  have  been  driven  eastward  150 
feet  on  the  dip.  On  the  hill  above,  in  the  Cleveland  (G-27),  15  feet  of  vein 
material,  carrying  galena,  are  found  above  the  limestone,  and  at  a  depth  of 
30  feet  in  the  limestone  a  cross-cutting  body  of  Gray  Porphyry,  which  is 
also  cut  in  the  Last  Chance  (G-31)  shaft,  immediately  below  the  Wash. 
The  other  shaft  (G-30)  of  the  Last  Chance  finds  Parting  Quartzite  below 
the  Wash.  The  Australian  (G-28)  and  Tenderfoot  (G-26)  also  find  vein 
material  at  the  contact. 

The  Little  Ellen  mine,  higher  up  and  on  the  slope  of  the  hill  facing 
South  Evans  gulch,  finds  a  very  large  body  of  low-grade  lead  ore  at  the 
same  horizon,  where  the  strike  has  changed  to  east  and  west.  This  con- 
tact is  traced  eastward  through  the  Lulu,  Gnome,  and  Alps  workings,  show- 
ing considerable  replacement  action,  but  as  yet  no  large  ore  bodies. 

BREECE    HILL. 

In  the  large  area  lying  between  the  regions  above  described  and  Iowa 
gulch  there  is  an  immense  development  of  igneous  rocks,  and,  on  the 
theories  deduced  from  the  studies  made  in  this  region  that  there  is  a  direct 
connection  between  igneous  action  and  ore  deposition,  or  rather  that  the 
latter  is  more  abundant  where  the  former  has  been  most  active,  this  area 
should  contain  large  deposits  of  ore.  Unfortunately  there  is  little  else  than 
theory  upon  which  to  base  this  assumption.  The  ore  horizon  throughout 
the  greater  part  of  the  area  is  so  deeply  buried  beneath  the  surface  that,  in 
the  uncertainty  that  exists  as  to  how  deep  it  may  be  necessary  to  sink  a 
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shaft  in  order  to  reach  it,  no  mine  owner  has  yet  had  the  enterprise  to 
attempt  its  exploration.  It  is  difficult  to  predicate  the  probable  thickness 
of  a  sheet  of  porphyry  from  the  width  of  its  outcrops  or  even  from  an 
observed  thickness  at  some  point  but  little  removed,  since  it  is  liable  to 
change  rapidly,  both  in  thickness  and  in  horizon,  from  causes  which  are  not 
apparent  at  the  surface.  The  depths  given  for  the  Blue  Limestone  horizon 
under  the  Pyritiferous  Porphyry  by  the  various  sections  which  pass  through 
this  area  cannot  be  expected  to  be  so  close  an  approximation  to  the  actual 
facts  as  when  the  proportion  of  sedimentary  beds  is  greater.  They  have, 
however,  by  no  means  been  given  at  hap-hazard,  but  are  the  result  of 
most  careful  weighing  of  probabilities,  based  on  a  study  of  the  whole  region. 
The  nearest  approach  to  an  actual  development  of  ore  in  the  Blue 
Limestone  under  Pyritiferous  Porphyry  is  in  the  Mike  mine,  and  the  indi- 
cations afforded  by  this  favor  the  supposition  that  it  will  be  found  to  be 
ore-bearing  when  reached  farther  east.  Another  favorable  sign  is  found 
in  the  numerous  evidences  of  mineral  concentration  in  the  porphyry  itself. 
Scattered  bodies  of  ore  have  also  been  found  in  the  beds  of  the  Weber 
horizon,  which  are  sufficient  to  show  considerable  mineral  action. 

GREEN   MOUNTAIN. 

In  the  shales  and  sandstones  of  the  Weber  formation  and  in  the  adjoin- 
ing Pyritiferous  Porphyry  bodies  numerous  small  deposits  of  ore  have  been 
struck,  but  of  somewhat  different  character  from  those  developed  at  the 
Blue  Limestone  horizon.  The  most  important  of  these  have  been  found  on 
Green  Mountain,  in  regard  to  which  the  following  information  has  been 
obtained. 

The  Ontario  mine  is  opened  by  a  tunnel  380  feet  long  and  a  shaft  70 
feet  deep,  run  through  Pyritiferous  Porphyry  into  micaceous  sandstone  and 
black  shale.  The  deposit  is  found  in  a  vein  running  north  and  south,  and 
traceable  from  about  one  hundred  feet  from  the  mouth  of  the  tunnel  through 
the  porphyry  into  the  overlying  sandstones.  A  body  of  coarse-grained 
galena  20  feet  long  by  3  feet  in  width  was  found  in  the  porphyry,  but 
in  the  sandstone  the  vein  proved  barren.  A  similar  deposit  in  the  porphyry 
is  found  in  the  adjoining  Tiger  (E-22)  mine.  It  is  a  gash  vein  six  to  eight 
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inches  wide,  running  northeast,  with  a  dip  of  60°  to  the  southeast..  The  ore 
is  a  mixture  of  galena  and  pyrites,  one  lot  of  which  yielded  22  ounces  of 
silver  and  22  per  cent,  of  lead  to  the  ton. 

In  the  Green  Mountain  (E-12)  mine  the  ore  occurs  in  the  sandstone, 
and  is  a  free-gold  ore,  sometimes  very  coarse.  It  was  not  accessible  at  time 
of  visit,  and  nothing  certain  could  be  learned  of  the  form  of  the  deposit, 
which  is  very  probably  also  a  gash  vein. 

LONG    AND    DERRY    HILL. 

Ready  Cash  mine. — On  the  steep  south  wall  of  Iowa  gulch  formed  by 
Upper  Long  and  Derry  Hill  is  the  Ready  Cash  mine,  which  is  interesting 
on  account  of  its  occurrence  in  Archean  rocks  rather  than  from  its  impor- 
tance as  an  ore-producer.  Its  country  rock  is  a  coarse-grained,  reddish 
granite  similar  to  that  found  at  the  heads  of  Iowa  and  Empire  gulches. 
The  ore  occurs  in  two  small  veins  from  one  foot  to  four  feet  in  width,  which 
come  together  at  the  surface.  The  one  strikes  N.  25°  E.  and  dips  50°  to 
the  east;  the  other  strikes  N.  45°  E.  and  has  a  still  steeper  dip.  The  mine  is 
opened  by  tunnels  which  ran  into  the  hill  in  a  southerly  direction  and  cut 
the  veins  at  about  three  hundred  and  twenty  feet  from  the  surface;  in  one 
of  the  upper  tunnels  a  dike  of  quartz -porphyry  is  cut  between  the  two  veins, 
in  which  are  some  gold-bearing  seams.  The  vein  filling  consists  principally 
of  altered  granite,  carrying  free  gold  and  some  chloride  of  silver,  with 
relatively  well  defined  walls.  The  deposit  is  evidently  formed  along  fract- 
ure planes  in  the  granite,  filling  any  cavity  that  may  have  existed  and 
replacing  the  constituents  of  the  adjoining  country  rock. 

Long  and  Derry  mines. — The  Long  and  Deny  mines  were  among  the  first 
discovered  in  the  Leadville  region,  and  are  still  held  by  their  original 
owners,  a  very  exceptional  circumstance.  They  have  been  worked  very 
slowly  and  irregularly,  and  at  the  time  of  examination  no  maps  had  been 
made  of  the  underground  workings.  Many  of  the  drifts  had  become  inacces- 
sible, so  that  only  a  very  general  idea  of  the  form  of  the  deposits  could  be 
obtained.  They  occur  as  a  replacement  of  the  Blue  Limestone,  but,  as  con- 
trasted with  the  deposits  of  Iron  and  Carbonate  Hills,  rather  in  the  form  of 
large  chambers  than  along  the  contact  with  the  overlying  White  Porphyry. 
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These  chambers  are  irregularly  distributed  through  the  upper  part  of  the 
Blue  Limestone,  and,  as  the  latter  has  been  more  or  less  eroded,  some  of 
them  formed  actual  outcrops  of  ore  on  the  surface,  and  were  thus  easily  dis- 
covered in  the  commencement.  The  mine  is  opened  by  both  tunnels  and 
shafts,  but  the  ore  is  mainly  extracted  through  the  former.  The  Faint  Hope 
(M-4)  tunnel  runs  180  feet  through  limestone  and  vein  material  and  ,'560  feet 
in  White  Porphyry,  to  the  bottom  of  the  Porphyry  (E  -37)  shaft.  The  latter 
passed  through  98  feet  of  porphyry  and  was  sunk  40  feet  in  vein  material 
containing  nodules  of  chert  and  low-grade  ore.  The  Long  and  Deny  (E-32) 
tunnel  runs  in  a  southerly  direction  from  the  hillside  overlooking  Iowa  gulch, 
starting  in  White  Porphyry  and  being  expected  to  reach  the  contact  at  500 
feet.  In  the  Dana  (M-3)  shaft  were  found  many  chert  nodules  in  the  por- 
phyry, which  carried  casts  of  fossils,  principally  Pleurophorus  and  Spirifera. 
Such  included  chert  nodules  are  frequently  found  not  far  from  the  contact 
plane  and  were  evidently  caught  up  in  the  mass  of  the  porphyry  as  it  forced 
its  way  along  between  the  strata.  The  whole  body  of  the  limestone  on 
Long  and  Deny  Hill  seems  to  be  more  or  less  impregnated  with  oxides  of 
iron  and  manganese  and  with  silicious  material,  as  shown  by  the  black 
outcrop  at  the  Belcher  (M-5)  mine,  near  the  base  of  the  formation.  In 
this  outcrop  the  replacement  evidently  proceeded  from  above,  as  the  ore 
wedges  out  at  the  bottom.  The  apparently  broken  character  of  the  forma- 
tion in  the  vicinity  of  the  ore  deposits  may  be  due  in  a  measure  to  its 
proximity  to  the  surface  and  want  of  a  protecting  covering  of  Wash.  In 
one  portion  of  the  mine  was  a  large  accumulation  of  angular  blocks  of 
porphyry  in  the  limestone,  which  had  probably  fallen  from  above  into  a 
cave  that  had  been  dissolved  out  by  surface  waters. 

The  ore  is  carbonate  of  lead  and  chloride  of  silver  near  the  surface 
and  galena  in  depth,  the  latter,  as  usual,  being  generally  richer  in  silver 
than  the  carbonate.  Only  small  specks  of  pyrite  have  been  found  in  it. 
The  dike  of  Gray  Porphyry,  which  crosses  the  hill  in  front  of  the  Faint 
Hope  tunnel,  may  be  supposed  to  have  been  an  important  factor  in  the 
concentration  of  ore  here  by  causing  a  stagnation  in  the  mineral-bearing 
currents. 
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PRINTER    BOY    HILL. 

The  existence  of  the  three  transverse  dikes  crossing  the  slopes  of 
Printer  Boy  Hill  and  of  the  cross-cutting  bodies  of  Pyritiferous  Porphyry 
on  its  north  side,  in  the  upper  part  of  California  gulch,  is  an  indication  of 
probable  mineral  concentration  in  this  region,  and  developments,  so  far  as 
they  have  gone,  tend  to  confirm  this  idea. 

On  the  south  slope  the  curving  outcrop  of  the  contact  of  Blue  Lime- 
stone and  White  Porphyry  has  been  very  extensively  prospected  near  the 
surface,  and  evidence  of  replacement  action  has  been  found  at  almost  every 
point.  Figure  4  shows  an  ideal  section  of  the  middle  portion  of  the  south 
slope  and  the  relative  amount  of  vein  material,  as  far  as  can  be  determined 
by  present  workings. 

Fia.  4. 


White  Porphyry. 


Gr»J  Porphjrj. 


The  principal  development  of  ore  has  been  thus  far  found  in  the  Flor- 
ence mine,  which  is  at  the  crest  of  the  fold.  The  vein  material,  which  is 
the  usual  clayey  matter,  carrying  oxides  of  iron  and  manganese,  has  here 
a  maximum  thickness  of  thirty  to  thirty-five  feet,  and  seems  to  thin  out  to 
the  east  and  west,  respectively,  but  to  the  north  or  into  the  hill  it  has  as 
yet  been  explored  but  a  short  distance.  The  ore  occurs  at  the  surface  and 
rather  irregularly  through  this  vein  material ;  besides  the  usual  carbonate 
of  lead  and  chloride  of  silver,  it  contains  several  minerals  not  common  in 
the  district,  among  which  may  be  mentioned  native  gold,  visible  to  the 
naked  eye,  and  a  sulfo-carbonate  of  bismuth.  (See  Appendix  C.)  In  a 
tunnel  directly  below  the  main  workings  of  the  Florence  a  gash  vein  of 
galena  in  limestone  several  feet  in  thickness  was  found.  Above,  it  connects. 
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with  the  ore  body  of  the  Florence,  but,  as  followed  in  depth  by  a  winze, 
was  found  to  pinch  out  entirely,  furnishing  one  of  many  proofs  that  the  ore 
entered  the  limestone  from  above  and  not  from  below. 

The  dikes  of  Gray  Porphyry  on  either  side  of  the  Florence  are  thirty 
to  fifty  feet  wide  and  can  be  traced  along  the  hill  for  considerable  distances. 
They  have  the  characteristic  large  crystals  of  orthoclase  porphyritically 
distributed  through  the  mass. 

East  of  the  Florence  the  Minor  tunnel  has  been  run  several  hundred 
feet  on  the  contact  without  finding  ore,  but  good  ore  is  said  to  have  been 
obtained  from  the  First  National  mine,  still  farther  east.  In  the  latter  the 
limestone  seems  to  be  split  into  two  parts  by  the  cross-cutting  zone  of  White 
Porphyry. 

To  the  westward  the  contact  has  been  developed  by  the  Sangamon 
tunnel,  the  Wilson,  Brian  Boru,  G.  M.  Favorite,  and  other  mines,,  and  some 
ore  has  been  shipped,  but  no  certain  information  was  obtained  in  regard  to 
its  quantity  or  its  quality. 

Although  some  prospects  showing  ore  may  have  escaped  observation, 
the  above  descriptions  suffice  to  show  that  on  either  side  of  Iowa  gulch  in 
the  vicinity  of  the  three  dikes  of  Gray  Porphyry  the  Blue  Limestone  con- 
tact is  ore-bearing  over  a  comparatively  large  proportion  of  its  extent. 
It  can,  however,  hardly  be  said  to  have  been  thoroughly  explored  as  yet, 
nor  are  the  ore  developments  as  rich  or  extensive  as  the  geological  condi- 
tions would  lead  one  to  expect.  It  may,  therefore,  reasonably  be  assumed 
that  future  explorations  in  this  area,  if  systematically  conducted,  will  prove 
remunerative.  The  most  promising  direction  for  exploration  would  seem 
to  be  to  the  northward  under  Printer  Boy  Hill.  Next  to  that,  the  easterly 
continuation  of  the  contact  in  depth  beyond  the  First  National  affords  a 
promising  field.  It  must  be  borne  in  mind,  however,  that  in  this  direction 
the  zone  of  cross-cutting  White  Porphyry  will  soon  be  reached,  where  the 
Blue  Limestone  will  be  found  split  into  two  wedge-shaped  masses,  and  thus 
there  will  be  two  contacts  between  limestone  and  porphyry. 

IOWA  GULCH. 

In  Iowa  gulch,  to  the  westward,  the  contact  is  cut  off  by  the  Mike  fault, 
after  crossing  the  gulch  just  beyond  the  G.  M.  Favorite.  A  little  farther 
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down  the  gulch,  however,  opposite  the  Rock  and  Dome  workings,  it  comes 
to  the  surface  again  and  is  explored  in  the  Nisi  Prius  and  adjoining  claims. 
In  the  Nisi  Prius  very  large  bodies  of  highly  uianganiferous  vein  material 
are  found,  which,  though  not  rich  themselves,  are  generally  considered  to 
indicate  the  proximity  of  a  concentration  of  chloride  of  silver  The  tunnel 
on  this  claim  cut  through  a  series  of  limestone  ridges  alternating  with  de- 
pressions filled  by  vein  material.  That  the  ridges  in  this  case  do  not  repre- 
sent actual  folds  in  the  formation  is  proved  by  the  fact  that  the  stratifica- 
tion lines  can  be  seen  to  run  horizontally  across  them. 

This  is  the  westernmost  point  at  which  the  contact  has  been  reached 
in  Iowa  gulch,  and,  while  it  may  be  found  at  no  very  great  depth  immedi- 
ately west  of  Dome  fault,  the  probabilities  are  that  beyond  that,  as  shown 
by  the  cross-sections  N,  0,  and  P,  it  is  too  deeply  buried  beneath  Wash  and 
Lake  beds  to  render  its  exploration  advisable  unless  it  were  followed  down 
continuously  on  its  western  dip.  The  thickness  of  superincumbent  detrital 
material  given  in  these  sections  is  deduced  from  that  found  in  the  Coon 
Valley  and  Black  Cat  and  is  probably  a  pretty  close  approximation  to  the 
actual  facts.  The  limits  of  the  ore  horizon  to  the  westward,  as  indicated 
by  the  western  outcrops  of  the  Blue  Limestone,  are  theoretical  deductions, 
and  may  vary  somewhat  from  the  facts :  but  the  limit  of  error  here  is  not  a 
very  wide  one,  as  actual  outcrops  of  Archean  on  this  strike-line  are  found 
at  a  very  short  distance  south  of  the  boundary  of  the  map. 

HEAD    OF    CALIFORNIA    GULCH. 

On  the  north  side  of  Printer  Boy  Hill  and  in  the  upper  part  of  Cali- 
fornia gulch  the  geological  conditions  are  extremely  complicated,  owing  to 
the  number  and  variety  of  porphyry  bodies  and  their  rather  unusual  struct- 
ural relations.  The  cross-cutting  zone  of  White  Porphyry  passes  through 
here,  as  shown  by  the  fact  that  on  the  north  side  of  the  gulch  it  comes  in 
contact  with  the  Parting  Quartzite  and  on  the  south  with  the  Blue  Lime- 
stone. A  bodjr  of  Pyritiferous  Porphyry  is  also  found  cutting  up  across  the 
formation,  being  in  the  White  Limestone  at  the  bottom  of  the  gulch,  and 
to  the  northward  apparently  joining  the  main  body,  which  overlies  both 
White  Porphyry  and  Blue  Limestone.  In  addition  to  these  are  several 
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bodies  of  Gray  Porphyry,  whose  position  and  structural  relations  are  very 
imperfectly  known.  For  these  reasons  a  considerable  concentration  of  ore 
might  naturally  be  looked  for  in  this  region,  but  it  would  probably  be  found 
more  irregularly  distributed  and  less  easy  to  follow  than  in  the  normal 
groups  of  Carbonate  and  Iron  Hill.  The  ore  currents  would  no  longer 
have  been  confined  to  one  or  two  principal  channels,  but  would  have  had  a 
variety  of  contact  planes  which  they  might  have  followed,  and  whose  posi- 
tion cannot  be  predicated  beforehand.  Unfortunately  the  small  amount  of 
exploration  already  made  not  only  gives  but  an  imperfect  idea  of  the  actual 
geological  relations  of  the  various  bodies,  whose  representation  on  the  map 
and  sections  may  in  consequence  be  somewhat  imperfect,  but  the  actual 
development  of  ore  has  been  so  slight  as  to  afford  no  indication  as  to  what 
particular  contact  is  the  more  likely  to  contain  ore.  The  normal  contact  of 
Blue  Limestone  and  White  Porphyry  extends  eastward  from  the  Pilot  fault 
along  the  north  slope  of  Printer  Boy  Hill,  until  in  the  Eclipse  the  limestone 
commences  to  wedge  out  Ore  is  found  in  considerable  quantity  in  the  Pilot 
tunnel,  apparently  along  the  very  plane  of  the  fault,  and  a  certain  amount 
of  vein  material  occurs  at  the  contact  in  the  Lovejoy,  Eclipse,  and  other 
shafts.  On  the  other  side  of  the  gulch  the  same  contact  that  carries  ore  in 
the  Adelaide-Argentine,  viz,  Parting  Quartzite  and  White  Porphyry,  is  found 
in  the  Iron  Duke  and  others  and  is  apparently  mineralized  to  a  certain 
extent. 

GOLD    DEPOSITS. 

Between  Pilot  and  Mike  faults,  on  the  northwest  slope  of  Printer  Boy 
Hill,  is  a  body  of  porphyry  not  identical  with  any  other  found  in  the  region 
and  which  is  notable  for  containing  the  Printer  Boy  and  Five-Twenty  gold- 
bearing  lodes. 

The  Printer  Boy  lode  was  discovered  before  the  existence  of  carbon- 
ate ores  in  this  region  was  known,  and  produced  a  large  amount  of  gold 
between  186G  and  1870,  of  which  no  record  can  be  obtained.  It  is  a  prac- 
tically vertical  deposit  along  a  jointing  or  fracture  plane  in  the  porphyiy, 
having  a  direction  a  little  east  of  north.  It  now  consists  of  two  claims,  the 
-Upper  Printer  Boy  and  Lower  Printer  Boy,  each  opened  by  vertical  shafts. 
MON  XH 33 
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Only  the  latter  was  accessible  at  time  of  visit,  and  here  the  vein  is  double,  the 
two  branches  being  separated  by  ten  or  twelve  feet  of  decomposed  porphyry. 
The  gangue  is  nothing  more  than  thoroughly  decomposed  porphyry,  being 
a  white,  clayey  material  in  which  only  the  quartz  grains  of  the  original  por- 
phyry remain  unaltered ;  scarcely  any  metallic  contents  are  visible.  In  the 
old  workings,  where  the  ore  was  rich,  free  gold  could  be  seen,  and  in  the 
deeper  workings  considerable  iron  and  copper  pyrites  and  some  galeua  and 
tennantite  were  found.  Gold  occurred  in  both  pyrite  and  galena,  and  a  piece 
of  ore  containing  galena  crystals,  connected  by  a  filament  of  wire  gold,  was 
one  of  the  show  specimens  of  the  mine.  Selected  specimens  are  said  to  have 
contained  122  ounces  of  gold  to  the  ton,  and  the  average  assay  is  given  at  three 
to  four  ounces.  The  vein  has  varied  in  thickness  from  one  inch  to  four  feet, 
with  an  assumed  average  of  seven  inches.  On  the  Avest  wall,  from  the  sur- 
face down  to  a  depth  of  200  feet,  were  branches  or  stringers  extending  out 
into  the  porphyry,  sometimes  as  much  as  three  feet  thick  and  containing 
ore  of  similar  quality  to  the  vein,  though  of  different  color  and  hardness. 
South  drifts  from  the  shaft  of  the  Upper  Printer  Boy  were  said  to  be  cut  off, 
successively,  at  a  distance  of  a  few  hundred  feet,  by  a  cement  deposit,  which, 
from  the  description  given  by  those  working  the  mine  at  that  time,  would 
seem  to  be  a  portion  of  Lake  beds  deposited  in  the  bay  that,  as  already 
shown,  existed  where  now  is  the  spur  separating  California  from  Iowa  gulch. 
In  the  Upper  Printer  Boy  the  normal  Printer  Boy  Porphyry,  which  is 
a  coarse-grained,  greenish-gray  rock  with  large  feldspar  crystals,  was  over- 
laid by  a  white,  fine-grained  porphyry,  resembling  decomposed  Pyritiferous 
Porphyry  from  which  the  pyrite  has  been  dissolved  out.  It  is  said  that  the 
former  was  only  found  at  one  hundred  to  two  hundred  feet  below  the  sur- 
face, but  this  does  not  agree  with  observations  which  show  the  Printer  Boy 
Porphyry  in  all  the  prospect  holes  around  the  Upper  Printer  Boy  shaft. 
Both  rocks  occur  in  the  Gray  Eagle  tunnel  (M-53),  west  of  Eureka  gulch, 
and  it  is  probable  that  part  of  the  main  body  of  Pyritiferous  Porphyry  orig- 
inally covered  this  portion  of  the  hill  and  that  from  the  pyrite  in  it  the 
waters  derived  the  metallic  contents  which  now  are  deposited  in  the  veins. 
A  number  of  other  small  gold-bearing  veins  are  also  found  in  the  Printer  Boy 
porphyry,  the  most  important  of  which  is  the  Five-Twenty,  from  which  a 
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considerable  amount  of  gold  ore  is  said  to  have  been  taken.  The  tunnel  by 
which  it  was  opened  also  cut  a  body  of  carbonate  ore,  which  at  that  time 
was  not  considered  worth  extracting. 

These  deposits,  together  with  that  of  the  Colorado  Prince  mine,  would 
seem  at  first  glance  to  be  of  different  character,  and  perhaps  of  different 
origin  and  manner  of  formation,  from  the  normal  carbonate  deposit  of  the 
Leadville  region,  and  more  in  the  nature  of  the  ordinary  fissure  vein.  The 
somewhat  limited  study  which  it  has  been  possible  to  make  of  them  tends  to 
show,  however,  that  the  process  of  ore  deposition  was  essentially  the  same 
in  both  cases.  There  is  no  evidence  of  any  pre-existing  cavity  which  was 
filled  by  foreign  gangue  material ;  but  the  ore  currents,  following  in  this  case 
a  fracture  or  jointing  plane,  instead  of  a  stratification  plane,  deposited  grad- 
ually their  load  of  metallic  sulphides  by  a  chemical  interchange  with  the 
material  of  the  rock  through  which  they  passed.  Gold  seems  to  have  been 
principally  deposited  in  the  more  acidic  or  silicious  rocks  and  silver  in  the 
calcareous  or  basic  ones.  This  preference  is  not  confined  to  the  Leadville 
region,  but  is  seen  in  other  mining  districts.  Its  reason,  however,  is  not  yet 
satisfactorily  explained  from  a  chemical  standpoint. 

As  regards  their  relative  age,  the  little  evidence  that  can  be  obtained 
seems  to  indicate  that  the  carbonate  deposits  are  older  than  the  gold  veins 
under  consideration,  since  the  former  must  have  been  originally  deposited 
before  the  folding  and  faulting  took  place ;  whereas,  if  the  assumption  that 
the  latter  occupy  fault  planes  be  correct,  it  is  probable  that  they  were  formed 
subsequently  to  this  period. 

PLACER   DEPOSITS. 

It  is  worthy  of  note  that  California  gulch  has  furnished  almost  all  the 
placer  gold  which  made  this  region  known  long  before  its  wealth  in  silver 
was  even  suspected,  while  Iowa  and  Evans  gulches,  adjoining  it  on  either 
side,  which  are  carved  out  of  the  same  series  of  rocks  and  are  both  larger 
and  contain  more  detrital  material,  have  thus  far  yielded  little  or  no  return 
to  the  placer  miner.  The  question  naturally  arises,  therefore,  why  should 
the  smaller  gulch  contain,  as  it  did,  exceptionally  rich  gravels  and  its  neigh- 
bors be  practically  barren  1  Although  placer  mining  had  been  virtually 
abandoned  before  this  investigation  was  undertaken  and  these  deposits  no 
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longer  constituted  an  essential  part  of  the  mining  industry  of  Leadville,  nor 
could  detailed  studies  be  made  of  them,  yet  some  suggestions  are  afforded 
by  the  consideration  of  the  general  geological  conditions  of  the  region  that 
are  not  without  value. 

The  richest  portions  of  the  California  gulch  diggings  are  said  to  have 
been,  first,  in  the  bend  below  Oro,  at  the  mouth  of  Nugget  gulch ;  next,  in 
the  bend  at  the  La  Plata  mine;  and  then  in  that  below  Graham  gulch.  The 
first  was  exceptionally  rich,  and  in  the  narrow  bed  of  the  gulch  at  Oro  a 
gold-bearing  cement,  containing  hydrated  oxide  of  iron,  was  found  below 
the  gravel,  which  yielded  one  ounce  of  gold  to  the  ton.  The  gulch  gold 
was  worth  $17  to  Si  9  per  ounce,  while  that  from  the  mines  was  worth  only 
$15.  From  its  propinquity  the  Printer  Boy  Porphyry,  known  to  contain 
actual  gold  veins,  suggests  itself  as  the  source  of  these  rich  gravels,  with 
the  oxide  of  iron  resulting  from  the  decomposition  of  pyrite  in  the  Pyritif- 
erous  Porphyry  as  a  cementing  material.  Moreover,  the  Weber  sandstones, 
at  the  head  of  the  gulch,  have  been  found  to  cany  gold  veins,  and  from 
their  abrasion  also  gold-bearing  gravels  would  have  been  earned  down 
the  gulch.  These  probable  sources  of  gold  seem,  however,  inadequate  to 
account  for  the  greater  relative  richness  of  California  gulch  over  its  neigh- 
bors, since  both  Evans  and  Iowa  gulches  contain  gold-bearing  veins  and 
the  amount  of  sandstone  and  porphyry  debris  that  has  been  carried  away 
through  either  of  their  beds  must  have  been  far  greater  than  that  swept 
through  California  gulch. 

It  seems  very  doubtful  whether  in  general  all,  or  .even  the  greater  part, 
of  the  gold  contained  in  placer  gravels  is  derived  from  the  abrasion  of  actual 
gold  veins.  Traces  of  gold  may  be  found  in  a  very  large  proportion  of  the 
massive  rocks  which  form  the  earth's  crust.  Gold  veins  are  concentrations 
of  this  mineral  in  sufficient  quantity  to  attract  attention  and  yield  a  profit 
to  the  labor  of  man;  but  doubtless  there  are  a  vast  amount  of  smaller  con- 
centrations which  may  escape  his  notice.  As  the  rock  disintegrates  and  is 
worn  away  by  atmospheric  agencies  the  gold  from  these  smaller  deposits, 
as  well  as  from  the  larger,  is  set  free  from  its  inclosing  rock  and  subjected 
to  the  concentrating  action  of  mountain  streams.  Placer  deposits  are  the 
results  of  nature's  vast  sluicing  processes.  To  bring  them  into  the  condition 
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in  which  they  may  be  made  available  by  man  requires  not  only  the  gold- 
bearing  rock,  which  her  agencies  may  grind  up  into  sand  and  gravel,  but 
the  sifting  power  of  rapid  streams,  which  may  carry  down  the  lighter  and 
coarser  material,  and  a  suitable  channel,  in  which  the  heavier  particles  may 
lodge,  as  in  the  riffles  of  a  sluice-box.  All  mountain  gravels,  all  sands  of 
rivers  coming  from  the  mountains,  contain  a  certain  amount  of  gold,  but  it 
is  only  under  peculiarly  favorable  conditions  that  the  gold  is  so  concentrated 
as  to  render  the  gravel  or  sand  remunerative  to  the  labor  of  man.  Among 
the  most  favorable  of  these  conditions  is  a  comparatively  narrow  channel, 
having  a  hard  and  compact  bed-rock  and  ridges  or  bends  in  its  course, 
which,  by  causing  a  partial  arrest  in  the  rapidity  of  the  current,  shall  allow 
the  heavier  particles  of  gold  to  settle  to  the  bottom  and  hold  them  there 
when  once  they  have  settled. 

From  this  point  of  view  there  is  a  very  evident  reason  why  California 
gulch  should  have  furnished  rich  placers  and  why  the  gold  which  may  exist 
in  Iowa  and  Evans  gulches  should  not  yet  have  been  extracted,  even  though 
the  detrital  material  which  has  been  carried  down  either  gulch  should  orig- 
inally have  been  equally  rich  in  gold.  California  gulch,  as  has  already  been 
explained,  is  a  valley  of  erosion,  formed  entirely  by  the  action  of  running 
water  and  since  the  Glacial  period.  It  has,  therefore,  a  bottom  or  bed 
of  hard  rock;  its  transverse  section  is  V-shaped  and  therefore,  like  the 
Spitzkasten,  favorable  for  the  concentration  of  heavy  particles  at  its  bot- 
tom. When  comparatively  full  of  water,  its  numerous  bends  formed  eddies 
in  the  down-flowing  currents  and  allowed  a  longer  time  at  these  points  for  the 
settling  of  the  suspended  particles;  and,  as  it  cuts  across  many  different  forma- 
tions in  its  course,  its  bed  must  have  transverse  ridges,  which  have  caught 
some  of  the  gold  and  prevented  it  from  being  carried  farther  down  the  stream. 
Evans  and  Iowa  gulches,  on  the  other  hand  are  glacier-carved  valleys;  their 
courses  are  straight,  their  bottoms  broad  and  comparatively  smooth.  The 
moraine  material  with  which  they  are  largely  filled  has  not  been  subjected 
to  the  sifting  or  jigging  process,  to  which  gravel  is  subjected  in  the  bed  of  a 
stream.  Moreover,  as  shown  in  Sections  M,  N,  and  O,  the  lower  part  of  their 
present  bed  is  cut,  not  out  of  rock,  but  out  of  the  loose  gravelly  formation  of 
the  Lake  beds.  It  is  not  probable  that  this  later  bed,  along  which  the  mate- 
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rial  brought  down  by  post-Grlacial  erosion  has  been  carried,  has  a  sufficiently 
hard  and  permanent  bed-rock  to  allow  of  the  concentration  of  gold  on  its 
surface;  at  any  rate,  such  bed-rock  has  not  yet  been  found.  It  is  probable 
that  the  actual  rock  surface,  which  formed  the  bed  of  the  Glacial  valley, 
may  be  found  gold-bearing  if  it  is  ever  explored;  but  it  could  hardly  be 
expected  that  in  it  gold  will  be  found  so  concentrated  as  it  was  in  California 
gulch,  and  its  exploration  will  necessarily  be  attended  with  many  mechan- 
ical difficulties,  owing  to  its  probable  depth  below  the  present  surface. 

The  Lake  bed  deposits  themselves  undoubtedly  contain  a  large  amount 
of  free  gold,  and  it  is  probable  that  this  may  be  sufficiently  concentrated 
at  some  points  on  the  bed-rock  of  the  original  lake  to  be  worked  with  profit; 
but  the  form  of  this  bed  is  as  yet  too  little  known  to  give  any  definite  idea 
of  where  such  points  ma}-  be.  Probably  the  valley  of  the  east  fork  of  the 
Arkansas  would  be  the  most  favorable  point  for  such  an  exploration,  since 
its  drainage  area  is  the  most  extensive  of  any  of  the  valleys  tributary  to  this 
ancient  lake;  but  it  would  be  impossible  to  determine  beforehand  how  far 
up  this  valley  the  ancient  shore-line  of  the  lake  extended. 

ORE    PROSPECTS    IN*    UNEXPLORED    AREAS. 

Besides  the  regions  mentioned  in  the  above  description  there  are  a  few 

other  unexplored  areas  in  which  the  contact  may  be  reasonably  expected 

to  be  found  productive  which  will  be  enumerated  below  in  the  order  of 

theirrelative  availability,  or  of  the  proximity  to  the  surface  or  to  known 

deposits  at  which  the  contact  may  be  found. 

On  Dome  Hill,  as  shown  in  Section  H,  Atlas  Sheet  XIX,  the  contact 
is  near  the  surface  on  either  side  of  Dome  fault,  and  is  practically  unex- 
plored south  of  the  Dome  workings  on  the  one  side  and  of  the  Ben  Burb 
on  the  other.  From  the  Dome  mine  southward  to  Iowa  gulch,  east  of  the 
fault  and  along  the  west  side  of  the  fault  for  a  corresponding  distance,  there 
is  good  reason  to  assume  that  the  contact  will  be  found  productive,  and 
explorations  should  be  conducted  on  the  dip  in  either  direction,  though  to 
the  westward  the  assumed  limit  of  probable  mineralization  will  soon  be 
reached,  and  on  the  lower  part  of  Dome  Ridge,  beyond  the  Coon  Valley, 
present  indications  do  not  promise  any  large  ore  bodies. 
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On  Iron  Hill  the  region  west  of  Iron  fault  probably  contains  the  con- 
tinuation of  the  Iron  mine  bonanzas,  but  the  depth  at  which  it  will  be  found 
may  be  such  as  to  render  its  exploitation  expensive;  a  shaft  sunk  to  reach 
the  contact  opposite  the  Iron  mine  might  have  to  go  nearly  a  thousand  feet. 
As  there  is  some  uncertainty  as  to  the  actual  position  of  the  bonanzas  in 
this  region,  it  might  be  more  prudent  to  follow  the  contact  downward  from 
some  point  where  its  depth  is  known,  say  in  the  neighborhood  of  the  Devlin 
shaft,  where  it  is  only  200  feet  deep. 

On  Carbonate  Hill  the  contact  should  be  followed  westward  from  the 
line  of  the  Pendery  fault.  It  has  already  been  shown  in  Part  I,  Chapter  V, 
that  there  is  a  good  probability  that  on  the  northwestern  slopes  of  the  hill 
the  formations  dip  westward,  and  that  farther  south  in  the  Pendery  ground, 
though  broken  by  a  fault,  the  displacement  of  the  latter  is  probably  not 
great.  Were  the  contact  followed  westward  from  a  shaft  reaching  the 
limestone  anywhere  along  the  lower  slopes  of  the  hill,  it  would  not  take 
long  to  determine  whether  it  still  exists  under  Leadville  or  had  been  re- 
moved by  erosion  previous  to  the  deposition  of  the  Lake  beds.  Should  the 
latter  prove  to  be  the  case  it  would  avoid  the  great  and,  in  this  contingency, 
useless  expense  of  sinking  a  deep  shaft  under  Leadville  itself,  which  other- 
wise will  doubtless  some  day  be  undertaken. 

MINES  AND  PROSPECTS  OUTSIDE  THE  LEADVILLE  DISTRICT. 

The  region  outside  the  area  covered  by  the  map  of  Leadville  and 
vicinity  was  examined  primarily  with  the  object  of  determining  its  general 
geological  structure  and  studying  the  series  of  formations  where  they  were 
less  metamorphosed  and  better  exposed  than  in  that  district,  in  order  that 
by  the  experience  thus  gained  it  might  be  easier  to  unravel  the  complicated 
geological  problem  there  presented.  In  the  few  short  months  that  could  be 
devoted  to  this  work  it  was  impossible  to  make  a  very  complete  or  sys- 
tematic study  of  the  ore  deposits  opened  by  the  various  mines  in  this  out- 
side region,  and  only  those  that  came  within  the  line  of  work  and  were 
accessible  at  time  of  visit  were  examined.  The  following  notes,  the  result  of 
that  examination,  are  offered,  notwithstanding  their  incompleteness,  mainly 
because  of  the  information  they  afford  with  regard  to  the  geological  dis- 
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tribution  of  ore  deposits  in  the  area  as  a  whole,  which  is  sufficiently  ac- 
curate, although  the  details  of  ore  occurrence,  especially  in  some  of  the 
larger  mines,  could  not  be  ascertained,  owing  to  their  inaccessibility.  Those 
mines  whose  names  are  followed  by  an  (L)  were  not  seen  by  the  writer, 
but  the  information  given  has  been  obtained  from  the  notes  of  Prof.  Arthur 
Lakes,  who  assisted  in  the  examination.  The  same  general  order  of  topo- 
graphical description  that  was  followed  in  Part  I,  Chapter  IV,  is  preserved 
here. 

NORTHEASTERN    REGION. 

Monte  cristo  mine. — This  mine  is  situated  just  beyond  the  northern  limits 
of  the  map,  on  the  steeper  slope  of  the  spur  running  eastward  from  Quan- 
dary Peak,  just  below  timber  line.  Its  ore  is  a  low-grade  argentiferous 
galena,  occurring  in  a  bed  of  quartzite  of  Cambrian  age,  with  little  or  no 
accompaniment  of  vein  material  or  of  other  minerals.  The  formation  here 
dips  eastward  at  an  angle  of  35°,  which  is  approximately  the  slope  of  the 
steeper  eastern  flank  of  the  spur.  The  quartzite  stratum  which  carries  the 
ore  is  the  outcropping  rock  on  this  steeper  part,  so  that  it  has  only  been 
necessary  to  strip  off  the  thin  surface  accumulations  of  soil  and  debris  to 
reach  the  mineral,  which  is  thus  exposed  over  an  area  of  several  acres. 
The  galena  is  rather  coarse-grained  and  crystalline,  and  is  irregularly  in- 
tergrown  in  the  quartzite,  occurring  on  its  upper  surface  from  a  few  inches 
to  a  foot  in  thickness,  but  in  one  case  extending  eight  feet  below  the  surface 
of  the  bed.  It  is  evident  at  a  glance  that  it  could  not  have  been  deposited 
contemporaneously  with  the  quartzite,  and  no  evidence  was  seen  of  any 
pre-existing  cavities ;  whence  it  is  assumed  that  its  deposition  was  a  meta- 
somatic  change  by  percolating  water,  like  the  limestone  deposits  of  the 
region.  Although  the  ore,  from  its  manner  of  occurrence,  can  be  mined 
very  cheaply,  its  tenor  in  silver  is  so  low  and  it  is  so  intimately  mixed  with 
the  quartzite  that  it  probably  cannot  be  smelted  profitably  without  previous 
concentration  in  ore-dressing  works. 

On  North  Peak  ridge  the  North  Star  mine  (L)  is  situated  at  the  east- 
ern end  of  its  higher  part,  a  short  distance  above  and  west  of  the  saddle 
marked  by  the  Blue  Limestone  outcrop.  Evidence  afforded  by  the  dump 
shows  that  its  shaft  went  through  the  Lower  Quartzite  cap  of  the  ridge  into 
the  Archean  gneiss  below.  At  the  foot  of  the  steep  slope  below  this  mine 
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and  just  west  of  the  saddle  are  several  prospect  holes  in  a  bed  of  dark-green 
hornblendic  rock,  near  the  upper  part  of  the  formation,  which  is  highly  im- 
pregnated with  pyrites.  In  the  amphitheater  north  of  the  saddle  copper 
pyrites  are  found  in  the  Archean  gneiss,  in  a  gangue  of  quartz.  On  the 
saddle  itself  a  shallow  prospect  hole  called  Sammy's  Barrel  shows  a  gash 
vein  in  the  White  Limestone  a  few  inches  in  thickness,  which  carries  galena 
in  a  gangue  of  calc  spar.  At  the  eastern  end  of  Hoosier  Ridge,  at  the  ex- 
treme head  of  Beaver  Creek,  is  the  outcrop  of  a  large  deposit  of  iron  ore  in 
the  upper  Carboniferous  or  Triassic  beds,  which  apparently  follows  the 
bedding,  and  from  which  specimens  of  chrome  iron  are  said  to  have  been 
obtained. 

MOUNT   LINCOLN. 

The  silver  deposits  on  Mount  Lincoln  were  first  discovered  in  the  sum- 
mer of  1871.  In  spite  of  their  great  altitude,  being  nearly  fourteen  thou- 
sand feet  above  sea  level,  they  were  rapidly  opened  ;  a  number  of  mining 
towns  sprang  up  at  the  foot  of  the  mountain ;  quartz-mills  were  built  and 
smelting  works  erected.  For  a  time  they  enjoyed  great  prosperity,  but  of 
late  years  have  been  in  great  measure  abandoned,  and  the  mining  towns  of 
Quartzville  and  Montgomery  are  now  practically  deserted.  The  deposits 
are  principally  in  limestone.  The  cause  of  their  abandonment  may  be 
found  in  part  in  the  inherent  difficulty  of  regular  development  of  limestone 
deposits,  owing  to  their  frequent  want  of  continuity  and  to  the  misconcep- 
tion on  the  part  of  the  miners  of  the  character  of  the  deposits.  In  great 
part  it  is  probably  also  due  to  the  excitement  attendant  on  the  discovery  of 
the  rich  deposits  of  Leadville,  which  drew  away  the  fickle  miners  to  new 
fields.  Everything  tends  to  show,  however,  that  the  region  is  one  excep- 
tionally rich  in  metallic  deposits,  and  that  under  systematic  development 
its  prosperity  may  be  revived  at  no  very  distant  future. 

The  Russia  mine  (L)  is  situated  about  five  hundred  feet  below  the  summit  of 
the  peak,  in  a  direction  south-southeast.  The  deposits  of  this  mine  are  found 
in  the  Blue  Limestone,  which  here  forms  the  surface  of  the  spur,  the  over- 
lying sheet  of  Lincoln  Porphyry  having  been  eroded  off.  In  places,  yel- 
lowish quartzite  and  a  bed  of  yellow,  compact,  argillaceous  rock,  called  by 
the  miners  porphyry,  is  still  found  above  the  limestone.  The  ore  is  prin- 
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ci pally  galena,  with  some  sulphates  and  carbonates  of  copper,  associated 
with  a  gangue  material  of  sulphate  of  baryta.  The  deposit,  where  found 
at  the  contact,  averages  about  three  feet  in  thickness,  and  frequently  opens 
out  into  large  irregular  chambers  extending  down  into  the  mass  of  the  lime- 
stone. Some  of  these  chambers  are  25  feet  high,  the  general  average  being 
about  ten  to  fifteen  feet.  In  working  the  mine  a  thin  streak  of  mineral, 
carrying  gypsum  associated  with  galena  or  barite,  was  followed  until  it 
opened  out  into  a  chamber  or  pocket.  The  ore  appeal's  to  be  richer  as  it 
approaches  the  summit  of  the  peak.  About  seventy- five  feet  from  the  en- 
trance to  the  tunnel,  a  slide  or  fault  was  found,  pitching  45°,  with  a  down- 
throw to  the  east.  Very  little  mineral  was  found  on  this  faulted  surface, 
but  following  it  up  from  where  it  was  struck  in  the  tunnel  it  led  to  a  great 
ore  body  45  feet  above. 

On  the  extreme  of  the  northeast  spur  of  Lincoln,  overlooking  the  town 
of  Montgomery,  are  a  number  of  abandoned  openings  in  the  Blue  Lime- 
stone, showing  a  similar  character  of  irregular  deposit*  of  galena,  associated 
with  barite,  which  have  been  worked  principally  by  open  cuts. 

MOUNT   BROSS. 

Moose  mine. — The  principal  mine  on  Mount  Bross  is  the  Moose  mine,  which 
was  discovered  in  July,  1871,  though  the  Dwight,  which  is  supposed  to  be 
an  extension  of  the  same  deposit,  was  first  found  in  1869.  As  the  mine  was 
closed  to  visitors  at  the  time  of  examination,  the  data  with  regard  to  its  work- 
ings have  been  obtained  from  former  superintendents.  It  is  situated  on  the 
northeast  slope  of  Mount  Bross,  near  the  summit  of  the  wall  overlooking 
the  Cameron  amphitheater.  Its  ore  is  galena  and  copper  pyrites,  with  their 
various  oxidation  products,  carbonates  and  sulphates,  and  the  gangue  largely 
barite  or  heavy  spar.  It  is  found  in  the  Blue  Limestone,  at  or  near  the  con- 
tact with  the  overlying  Lincoln  Porphyry.  The  ore  has  been  very  rich, 
yielding  from  two  hundred  to  three  hundred  ounces  of  silver  per  ton.  The 
formation  here  dips  to  the  southeast.  Besides  the  overlying  Lincoln  Por- 
phyry, a  dike  of  White  Porphyry  was  observed,  crossing  the  formation  a  little 
west  of  the  mine,  and  doubtless  an  examination  of  the  underground  workings 
might  have  disclosed  other  bodies  of  porphjay.  The  tongue  of  Blue  Lime- 
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stone,  which  forms  the  surface  of  the  spur  between  the  Cameron  and  Bross 
amphitheaters  east  of  the  Moose  mine,  is,  like  that  of  the  corresponding 
spur  of  Mount  Lincoln,  honeycombed  with  open  cuts,  from  which  appa- 
rently considerable  quantities  oT  ore  similar  to  that  of  the  Moose  mine  have 
been  taken.  So  far  as  observed,  the  silver  deposits  in  this  region  have  been 
principally  confined  to  the  Blue  Limestone  horizon. 

Doily  varden  mine>  on  the  eastern  slope  of  Mount  Bro.ss,  at  a  little  lower 
level  than  the  Moose  mine,  is  also  in  the  Blue  Limestone.  Its  ore  is  gen- 
erally more  oxidized  than  that  of  the  Moose,  and  occurs  in  the  body  of 
the  limestone,  near  its  contact  with  a  nearly  vertical  dike  of  White  Porphyry 
about  forty  feet  thick.  The  main  dike  has  a  strike  of  between  N.  15°  E.  and 
N.  30°  E.,  and  dips  60°  to  the  northwest.  The  ore  has  been  found  along 
the  southeast  face  of  this  dike  in  a  vertical  extent  of  1 50  feet,  and  extend- 
ing southeastward  into  the  limestone  with  the  dip  of  the  formation  to  a  dis- 
tance of  100  feet.  On  the  east  of  the  main  dike  is  a  second  porphyry  dike, 
with  a  strike  nearly  east  and  west  and  a  dip  of  45°  to  the  south,  which 
may  be  simply  a  branch  of  the  main  dike.  On  the  west  side  of  the  main 
dike  as  yet  no  considerable  amount  of  ore  has  been  discovered. 

In  the  little  valley  on  the  southeast  slope  of  Mount  Bross,  known  as 
Mineral  Park,  is  the  tunnel  of  a  company  which  was  organized  during  the 
prosperous  times  of  this  region  with  the  avowed  intention  of  piercing  the 
mountain  to  strike  the  source  of  the  rich  deposits  of  the  Moose  and  other 
mines.  It  was  not  visited  by  the  writer,  hence  an  exact  description  of  the 
rocks  through  which  it  has  passed  cannot  be  given,  but  it  deserves  mention, 
as  illustrating  the  pernicious  habit  among  western  miners  of  spending  large 
sums  in  running  tunnels  through  the  solid  rock  with  no  sounder  basis  of 
hope  than  the  chance  of  striking  some  unknown  rich  deposit.  This  tunnel 
is  said  to  start  in  quartzite  and  to  have  been  driven  about  seven  hundred 
feet.  Whether  it  commences  at  the  Parting  Quartzite  or  at  once  in  the 
Lower  Quartzite  is  a  matter  of  comparatively  little  importance.  It  starts, 
at  all  events,  below  the  horizon  of  the  Blue  Limestone,  and  therefore  can 
by  no  possibility  strike  any  of  the  ore  bodies  contained  in  that  stratum.  As 
will  readily  be  seen  by  reference  to  Section  L  of  Atlas  Sheet  X,  the  tunnel 
will  soon,  if  it  has  not  already  done  so,  reach  the  crystalline  rocks  of  the 
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Archean  formation.  Its  horizontal  distance  from  the  Moose  mine  is  about 
two  miles.  The  expense  per  foot  of  driving  such  a  tunnel  after  the  first  few 
hundred  feet,  as  any  person  familiar  with  mining  can  readily  see,  must  be 
very  great.  The  only  ore  bodies  which  it  can  strike  will  be  those  occur- 
ring at  considerable  depths  in  the  Archean  rocks.  In  this  extent  of  two 
miles  a  valuable  ore  body  might  be  struck,  especially  near  some  dike  of 
eruptive  rock,  but  the  probabilities  are  against  it.  As  far  as  present  devel- 
opments show,  the  veins  discovered  in  the  Archean  in  this  region  are  gen- 
erally small  and  of  no  great  value.  Even  in  the  case  of  a  well-defined 
vertical  fissure,  the  advisability  of  running  so  long  a  tunnel  to  strike  it  in 
depth,  unless  it  had  been  proved  by  actual  exploration  to  be  rich  at  the 
depth  at  which  it  would  be  reached  by  the  tunnel,  would  be  extremely 
doubtful. 

BUCKSKIN    CANON. 

The  neighborhood  of  Buckskin  Cafion  is  a  region  of  important  devel- 
opments of  ore  bodies,  which  are  not  confined  to  the  horizon  of  the  Blue 
Limestone,  but  occur  also  at  lower  horizons,  some  small  bodies  having  even 
been  discovered  in  the  Archean  rocks.  The  most  important  of  these  is  the 
Phillips  mine,  which  was  discovered  in  1860  by  Joseph  Higginbotham, 
commonly  known  as  ''Buckskin  Joe,"  from  whom  the  neighboring  town 
received  its  name.  The  ore  occurs  in  the  Lower  Quartzite,  near  the  bottom 
of  the  valley,  on  the  south  side  of  the  stream.  Here  an  immense  lenticular 
body  of  iron  pyrites,  with  a  little  copper  pyrites  and  a  gangue  of  sulphate 
of  baryta,  follows  the  strike  of  the  rocks  up  the  gentle  slope  of  the  valley, 
rising  from  the  stream  bed  to  the  foot  of  the  caflon  walls.  Erosion  having 
laid  bare  this  body  in  a  length  of  about  two  thousand  feet,  it  was  mined  by 
the  early  settlers  in  an  open  trench  from  20  to  30  feet  wide  and  about  fifteen 
to  twenty  feet  deep.  Being  exceptionally  exposed  to  the  action  of  water 
and  of  the  atmosphere,  the  upper  part  of  the  deposit  was  entirely  oxidized. 
By  a  natural  process  of  concentration  this  oxidized  portion  became  very 
rich,  so  that  in  the  early  days,  even  with  the  rude  processes  then  in  use, 
consisting  mainly  in  sluicing  and  grinding  in  arastras,  it  was  worked  at  a 
profit,  and  from  a  quarter  to  a  half  million  dollars  are  said  to  have  been 
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taken  from  it.  When  the  unoxidized  portion  was  reached,  the  ore  became 
poorer,  yielding  only  about  six  dollars  per  ton  in  gold,  and  the  difficulty 
of  treating  it  in  the  ordinary  stamp-mill  was  such  that  the  mine  was  after 
a  few  years  practically  abandoned.  The  ore  body,  which  at  the  surface 
had  practically  vertical  walls,  was  found  to  split  up  in  depth  into  smaller 
bodies,  dipping  eastward  and  following  approximately  the  stratification 
planes  of  the  quartzite.  On  the  east  side  of  the  open  cut  a  body  of  por- 
phyry forms  the  wall  of  the  ore  body  for  a  short  distance,  and  is  probably 
an  offshoot  from  a  larger  body  of  Lincoln  Porphyry  which  crops  out  in 
the  stream  bed  a  few  hundred  feet  below  the  mine.  Explorations  on  this 
ore  body  have  been  carried  to  a  comparatively  small  distance  below  the 
surface,  and  it  is  not  at  all  improbable  that,  if  systematically  exposed  in 
depth,  other  large  bodies  might  be  developed,  which,  under  present  condi- 
tions, with  smelting  works  within  easy  reach,  might  be  mined  at  a  profit. 

criterion  mine.  —  On  the  north  wall  of  Buckskin  Canon,  a  little  above  the 
town  of  Buckskin  Joe  and  about  half  way  up  the  cliff,  is  the  now  aban- 
doned Criterion  mine.  Here,  just  above  the  junction  of  the  Lower  Quartz- 
ite with  the  underlying  Archean,  in  a  shallow  ravine,  is  exposed  a  body  of 
green  porpliyrite,  impregnated  with  pyrites.  A  little  above  this,  on  the  east 
side  of  the  ravine,  is  an  immense  open  chamber,  about  sixty  feet  in  height 
by  one  hundred  feet  or  more  in  length  and  ten  to  twenty  feet  wide,  strik- 
ing N.  35°  E.  It  crosses  the  beds  almost  perpendicularly,  and  seems  to 
have  once  contained  a  body  of  ore,  which  has  been  removed  either  by 
atmospheric  agencies  or  possibly  by  some  earlier  miners  of  whom  no  trace  is 
left.  The  white  quartzite  adjoining  the  body  is  stained  with  iron  oxide  and 
somewhat  disintegrated.  Nearly  adjoining  the  upper  part  of  this  body  on  the 
northwest,  an  irregularly  lenticular-shaped  ore  body  has  been  developed  by 
the  tunnel  of  the  Criterion  mine.  Its  form  is  rather  horizontal  than  verti- 
cal, but  it  connects  with  the  upper  part  of  the  large  cavity.  The  vein  mate- 
rial is  crdmbly  iron-stained  quartz,  evidently  resulting  from  the  decompo- 
sition of  the  quartzite.  The  irregular-shaped  chamber  from  which  the  ore 
has  been  taken  is  in  places  twenty  to  twenty -five  feet  in  height,  and  has 
been  opened  for  a  length  of  over  one  hundred  feet.  No  chemical  exami- 
nation was  made  of  the  ore  to  ascertain  its  actual  value,  but  it  contains 
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carbonate  of  lead  and  probably  silver.  The  evidence  of  extended  miner- 
alization at  this  point  is  so  strong  that  it  is  well  worthy  of  more  thorough 
exploration.  In  all  probability  the  ore  was  originally  a  sulphuret,  though 
containing  a  smaller  portion  of  pyrites  than  the  Phillips  deposit,  but  so  far 
as  examined  it  has  been  entirely  oxidized.  In  the  White  Limestone  above, 
apparently  on  the  same  vertical  plane  with  the  large  cavity,  an  opening  has 
been  made  on  two  small  bodies  of  galena,  following  vertical  joining  planes 
in  the  limestone.  It  seems  probable  that  the  ore  which  once  filled  the  large 
cavities  was  originally  deposited  along  a  jointing  plane  or  the  plane  of  a 
small  fault,  and  that  the  cavity  has  been  enlarged  by  secondary  alteration. 
A  small  fault  with  a  movement  of  about  twenty  feet  can  be  traced  along 
the  bed  of  the  shallow  ravine  which  indents  the  face  of  the  cliff.  It  is 
worthy  of  note  that  all  theses  planes  have  a  common  strike,  northeast 
and  southwest,  which  is  also  that  of  the  fault  on  the  north  face  of  Love- 
land  Hill ;  this  may  be  observed  on  the  opposite  side  of  the  caflon,  about 
a  mile  above  this  point  and  on  a  line  due  southwest  from  here. 

Excelsior  mine  (L). — A  little  west  of  the  Criterion  and  higher  up  on  the 
face  of  the  cliff  is  the  Excelsior  mine,  likewise  abandoned,  whose  position 
is  marked  by  the  skeleton  of  an  old  building  standing  perched  on  the  edge 
of  the  cliff,  overlooking  the  precipice  below.  Here  an  irregular  body  of 
porphyry  or  porphyrite  traverses  the  White  Limestone,  which  is  somewhat 
contorted  at  its  contact.  The.  mine  is  opened  by  a  tunnel,  on  either  side  of 
which  the  eruptive  mass  crops.  But  little  ore  has  been  developed,  but  the 
rocks  are  deeply  stained  with  iron,  and  at  the  contact  of  the  limestone  and 
porphyry  is  found  a  little  free  gold  and  silver,  with  copper  and  iron  pyrites. 

The  spur  of  Mount  Bross,  above  these  mines,  is  covered  with  prospect- 
holes,  the  more  recent  of  which  are  generally  in  the  Blue  Limestone.  The 
older  prospects,  which  were  made  at  the  time  when  only  gold  was  sought 
for,  are  generally  confined  to  the  silicious  beds  below  this  horizon. 

Colorado  Springs  mine.  —  In  the  Red  amphitheater,  higher  up  the  canon,  on 
the  south  face  of  Mount  Bross,  is  the  Colorado  Springs  mine,  which  is  still 
being  worked,  and  obtains  rich  galena  ore  from  the  lower  part  of  the  Blue 
Limestone,  at  or  near  its  contact  with  the  Parting  Quartzite.  The  ore  body 
averages  two  or  three  feet  in  thickness.  The  lower  portion  of  the  Blue 
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Limestone  is  here,  contrary  to  what  its  name  would  indicate,  quite  light- 
colored.  The  ore  is  extremely  rich,  but  very  irregularly  distributed;  it  is 
evidently  a  replacement  of  the  limestone,  there  being  no  evidence  of  pre- 
existing cavities. 

Dominion  mine  (L). — In  a  prospect  hole  to  the  north  of  this,  called  the  Do- 
minion, ore  is  also  found  at  the  contact  of  the  limestone  and  Parting  Quartzite. 
The  ore  body  averages  two  feet  in  thickness  and  is  said  to  assay  from  $68 
to  $500  in  silver  per  ton.  It  carries  brittle  silver,  silver  glance,  sulphate 
and  carbonate  of  copper,  and  some  antimony. 

Sweet  Home  mine.  —  On  the  face  of  the  cliff,  a  little  southeast  of  the  Red 
amphitheater,  in  the  gneiss  below  the  Paleozoic  rocks,  is  the  Sweet  Home 
mine.  Its  ore  is  found  near  a  body  of  very  much  decomposed  Lincoln 
Porphyry,  whose  surfaces  are  covered  with  a  yellow  coating  of  oxide  of 
iron,  containing  arsenic  and  antimony.  This  mine  is  interesting  from  the 
varieties  of  mineral  species  thus  far  obtained  from  it.  Among  these  are 
cuprite,  fluorite  (pink  and  blue),  jamesonite,  melanterite,  rhodocrosite,  and 
zinkenite. 

From  the  Tanner  Boy  mine,  on  the  southwest  side  of  the  gulch,  said  to 
be  a  fissure  deposit  in  gneiss,  are  obtained  remarkably  fine  crystals  of  deep 
red  rhodocrosite,  or  carbonate  of  manganese,  containing  a  little  magnesia. 
It  occurs  in  very  well-defined  rhombic  crystals,  isomorphous  with  calcite. 
As  might  be  expected  from  the  prevalence  of  eruptive  bodies,  ore  is  found 
in  small  veins  in  almost  every  part  of  the  Archean  rocks  exposed  in  Buck- 
skin Canon.  As  yet,  however,  no  large  and  important  discoveries  have 
been  made,  and  a  priori  the  conditions  for  concentration  of  large  ore  bodies 
would  be  less  favorable  here  than  in  the  overlying  Paleozoic  rocks. 

On  the  south  side  of  Buckskin  gulch,  at  the  eastern  end  of  the  cliff 
wall,  shown  in  Plate  XIII  (p.  128),  and  formed  by  the  lower  Paleozoic  beds 
sloping  up  toward  the  crest  of  Loveland  Hill,  small  ore  bodies  have  been 
opened  up,  following  jointing  planes  in  the  White  Limestone  and  the 
Lower  Quartzite.  These  deposits  are  generally  extremely  thin  and  of 
limited  extent.  They  frequently  send  out  branches  for  a  short  distance 
into  the  adjoining  rock,  following  the  stratification  planes.  Their  ore  is 
galena,  black  sulphurets,  and  sometimes  native  silver.  The  direction  of 
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these  joints  is,  as  at  the  Criterion  mine,  generally  northeast  and  southwest. 
Their  plane  is  practically  at  right  angles  to  the  stratification.  A  slight  dis- 
cordance is  frequently  observed  in  the  beds  on  either  side  of  the  plane, 
showing  a  displacement  of  a  few  feet.  Among  those  noticed  is  the  Ernest, 
at  the  foot  of  the  cliffs  just  back  of  the  Phillips  mine.  Here  may  be  seen 
a  phenomenon  not  uncommon  in  unstratified  rocks,  the  crumpling  of  a  certain 
bed,  which  does  not  extend  to  the  adjoining  beds.  This  may  be  supposed  to 
be  the  result  of  unequal  plasticity,  by  which,  as  an  effect  of  lateral  com- 
pression, one  bed  has  been  crumpled  or  folded,  when  the  others,  being 
more  plastic,  have  expanded  sufficiently  to  allow  for  the  longitudinal  con- 
traction. The  Ernest  is  in  the  upper  part  of  the  White  Limestone,  as  is 
the  Rock  Island,  a  little  higher  up  the  canon.  The  Northern  Light,  which 
is  shown  in  Plate  XIII,  is  in  the  Lower  Quartzite,  and  has  a  gangue  of 
calc  spar.  Its  vein  material  has  a  maximum  thickness  of  6  feet.  Still  to 
the  west  of  this  is  the  Rock  Island,  which  is  in  the  upper  part  of  the  White 
Limestone. 

LOVELAND    HILL. 

In  the  Blue  Limestone,  which  covers  the  surface  of  Loveland  Hill, 
are  a  great  number  of  prospect  holes  and  small  mines,  which  have  opened 
irregular  bodies  of  ore,  principally  argentiferous  galena  and  its  decompo- 
sition products. 

Fanny  Barrett  mine  (L).— The  most  important  of  these  is  the  Fanny  Barrett, 
which  is  situated  not  far  from  the  edge  of  the  cliff  overlooking  Buckskin 
gulch,  and  apparently  near  the  line  of  fault  noticed  on  the  .south  wall  of  Buck- 
skin gulch.  It  is  about  on  the  line  of  strike  of  the  Criterion  deposit.  The 
ore  fills  a  so-called  fissure  some  four  feet  in  width,  containing  galena  and  what 
is  called  by  the  miners  "hard  carbonate,"  i.  e.,  a  sulphate  of  lead,  forming 
greenish- white  concentric  layers  like  agate,  with  some  carbonate  of  copper. 
The  gangue  is  a  soft  hydrated  oxide  of  iron,  with  considerable  oxide  of 
manganese,  which  gives  it  a  black  color.  In  places  the  ore  forms  branch- 
ing deposits  and  lenticular  bodies  of  considerable  size  along  the  stratifica- 
tion planes.  The  fissure  is  supposed  to  have  been  traced  quite  across  the 
crest  of  Loveland  Hill  to  the  cliffs  facing  Mosquito  and  Buckskin  gulches 
on  either  side.  On  the  Buckskin  side,  a  little  above  the  contact  of  the 
Archean  with  the  Lower  Quartzite,  a  body  of  ore  has  been  opened  in  the 


MIKES  OUTSIDE  THE  LEADVILLE  DISTRICT.  529 

gneiss,  at  the  junction  of  the  porphyry  and  the  white  quartzite.  A  little 
below  this  a  vertical  fissure  has  been  opened  in  the  gneiss,  about  two  feet 
in  width,  containing  galena  and  spathic  iron.  From  the  description,  this 
deposit  is  evidently  of  the  same  nature  as  the  other  limestone  deposits  in  the 
region,  in  this  case,  however,  following  mainly  a  vertical  jointing  plane. 
It  is  hardly  probable  that  such  a  plane  would  be  found  to  be  actually  con- 
tinuous for  any  great  length,  but  very  likely,  from  the  persistence  of  its 
direction,  these  planes  have  been  developed  more  frequently  in  the  neigh- 
borhood of  the  line  of  the  fault,  and  may  have  been  accompanied  by  a 
slight  displacement.  This  movement  would  naturally  extend  for  some 
distance  into  the  underlying  Archean,  and  the  ore  currents  would  follow 
similar  joints  formed  in  these  rocks.  From  analogy  with  other  deposits  in 
this  district  it  is  hardly  probable  that  the  so-called  fissure  veins  in  the  gneiss 
have  been  filled  from  below. 

Higher  up  on  Loveland  Hill,  on  the  ridge  which  connects  it  with 
Buckskin  Peak,  ore  is  found  in  the  White  Limestone  and  in  the  Lower 
Quartzite.  Among  the  prospects  the  La  Salle  ore  body  occurs  between 
the  limestone  and  the  quartzite;  Little  Nell  and  Julia  are  on  narrow  ver- 
tical veins,  also  striking  northeast,  in  the  Lower  Quartzite.  On  the  very 
top  of  the  hill,  in  a  small  patch  of  Lower  Quartzite,  are  the  Mountain  Lion 
and  Silver  Exchange  claims,  whose  ore  is  galena,  with  green  carbonate  of 
copper,  carrying  gold  and  silver.  On  the  Mosquito  side  of  the  hill  is  the 
Kansas  mine,  at  the  junction  of  the  White  Limestone  and  Lower  Quartzite, 
in  proximity  to  the  porphyrite  body,  below  which  is  the  Christian  Aid. 

On  the  southeastern  end  of  Loveland  Hill,  towards  Mosquito  gulch, 
numerous  bodies  of  ore  have  been  opened  in  the  Paleozoic  rocks.  Of 
these  the  most  important  is  the  Orphan  Boy,  which  is  abandoned  and  was 
not  visited.  Its  ore  is  found  in  quartzite,  which  probably  belongs  to  the 
Cambrian  formation.  The  Jersey  and  other  claims  near  Park  City,  in  the 
bottom  of  the  gulch,  have  struck  galena  in  the  White  Limestone. 

I5ETWEEN    MOSQUITO    AND    HORSKSHOE    GULCHES. 

South  of  Mosquito  gulch,  on  Pennsylvania  Hill,  are  many  prospects  in 
the  Blue  Limestone,  and  on  Ball  Mountain  in  the  Weber  Grits.  In  none  of 
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these,  so  far  as  observed,  have  any  ore  bodies  of  value  been  found.  The 
prospects  in  the  Weber  Grits  are  especially  barren,  and  it  is  difficult  to  con- 
ceive what  inducement  has  been  offered  to  the  miners  to  expend  the  amount 
of  labor  they  have  in  this  region.  In  general  they  seem  to  have  been 
attracted  by  the  darker  beds,  containing  carbonaceous  matter,  whether  sand- 
stone or  shale,  which,  in  general,  have  a  little  pyrites  in  them  and  sometimes 
a  trace  of  gold.  Along  the  Sacramento  gulches  also,  and  as  far  as  the  ridge 
which  divides  them  from  Horseshoe,  the  labor  of  the  miner  seems  to  have 
been  ban-en  of  practical  results.  This  is  the  intermediate  region  between 
the  Lincoln  Porphyry  intrusions  around  the  Mount  Lincoln  massive  and 
those  of  White  Porphyry  along  the  line  of  Horseshoe  gulch. 

Sacramento  mine. — In  the  Blue  Limestone  of  the  ridge  south  of  Little 
Sacramento  gu!6h,  and  east  of  the  London  fault,  is  the  Sacramento  mine, 
which  has  been  worked  for  a  number  of  years  and  produced  a  good  deal  of 
rich  ore.  •  At  the  mine  itself  the  Blue  Limestone  forms  the  surface,  the 
overlying  porphyry  having  been  removed  by  erosion,  so  that  it  is  impossible 
to  say  what  proportion  of  the  original  ore  body  may  have  existed  in  the 
upper  part  of  the  limestone.  The  ore,  which  consists  of  galena  and  sand 
carbonate  of  high  grade  in  silver,  is  found  generally  in  irregular  masses 
throughout  the  limestone  beds.  Some  clayey  iron  oxide  occurs  as  gangue, 
and  considerable  sulphate  of  baryta  is  found  associated  with  the  mineral. 
Several  hollow  caverns  have  been  found  by  the  explorations  of  the  mine, 
in  one  of  which  remarkably  beautiful  stalactites  of  white  fibrous  arrago- 
nite  occur.  These  caves  have  evidently  been  formed  since  the  deposition 
of  the  ore  and  are  connected  with  natural  jointing  planes  in  the  lime- 
stone. Some  of  the  caverns  are  partially  filled  with  a  clayey  material, 
which  runs  four  to  five  ounces  per  ton  in  silver,  and  is  evidently  an  infiltra- 
tion from  the  ore  bodies,  which  continue  on  either  side  of  the  cave  without 
bearing  any  relation  in  form  to  it.  The  limestone  above  the  horizon  of  the 
ore  is  generally  darker  colored  than  that  below,  which  is  of  a  light-gray 
color  and  more  crystalline  structure;  but  the  distribution  of  the  ore  bodies 
is  too  irregular  to  consider  them  a  definite  deposit  along  the  dividing  plane 
between  these  two  varieties  of  limestone.  The  lighter  limestone  has  the 
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ribbed  structure,  characteristic  of  the  Blue  Limestone  horizon,  very  beauti- 
fully developed. 

On  the  ridge  between  Spring  Valley  and  Horseshoe  gulch  the  Mudsill 
claim  has  found  galena  at  the  same  horizon,  forming  a  contact  deposit  between 
the  darker  and  lighter  limestones.  To  the  east  of  this  the  Little  Christine 
has  developed  small  veins  of  galena  in  the  porphyry  overlying  the  lime- 
stone. On  the  eastern  slopes  of  the  range  south  of  Horseshoe  gulch,  as 
well  as  on  Sheep  Mountain  ridge,  the  contact  of  Blue  Limestone  and  White 
Porphyry  has  been  but  little  prospected,  and,  although  no  considerable  ore 
bodies  have  yet  been  discovered  in  this  portion,  there  is  a  fair  probability 
that  more  systematic  search  will  yet  develop  them,  Sheep  Mountain  being 
a  most  especially  promising  locality. 

CREST  OF  THE  MOSQUITO  RANGE. 

A  great  deal  of  prospecting  has  been  done  along  the  very  crest  of  the 
Mosquito  range,  the  bare,  precipitous,  and  often  almost  inaccessible  slopes 
of  high  mountains  seeming  to  offer  especial  attractions  to  the  hardy  pros- 
pector. This  may  be,  in  part  at  least,  explained  by  the  fact  that  in  these 
elevated  regions  the  rock  surfaces  are  generally  exposed  and  swept  clean  of 
obscuring  soil  and  other  surface  accumulations,  and  therefore  the  "indica- 
tions" which  they  follow,  such  as  a  staining  of  iron  oxide  or  of  carbonate 
or  of  silicate  of  copper,  are  more  readily  seen  than  in  the  lower  country, 
where,  when  found,  ore  is  likely  to  be  more  remunerative.  It  seems  hardly 
necessary  to  say  that  the  idea  that  prevails  among  some  prospectors,  and 
to  which  credence  is  given  even  by  some  educated  persons,  that  rich  ore 
bodies  are  more  frequent  near  mountain-tops,  has  no  basis  of  geological 
evidence  to  support  it.  But  few  mines  have  been  actually  worked  at  the 
crest  of  the  range,  and  these  only  intermittently,  which  is  hardly  surprising 
when  one  considers  that  it  is  frozen  up  nine  months  in  the  year. 

At  the  head  of  Mosquito  gulch,  and  just  west  of  the  London  fault,  the 
New  York  mine  is  said  to  have  developed  considerable  rich  ore  at  the  con- 
tact of  the  Blue  Limestone  with  a  small  overlying  sheet  of  White  Porphyry 
of  local  occurrence. 
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London  mine. — This  is  the  most  promising  of  these  elevated  deposits,  and 
has  been  known  for  a  long  time;  but,  besides  the  natural  difficulties  of  its 
position,  apparent  bad  management  and  contested  ownership  have  com- 
bined to  retard  its  development.  Fuel  being  expensive  at  such  an  altitude, 
the  novel  idea  was  adopted  of  using  wind  as  a  motive  power,  and  a  powerful 
and  strongly  constructed  windmill  was  built  near  the  mine;  but  it  proved 
incapable  of  resisting  the  force  of  the  fierce  winter  storms  which  sweep 
over  Mosquito  Pass,  and  was  blown  down  the  first  winter  after  its  erection. 

The  geological  horizon  of  the  deposits,  as  explained  in  Chapter  IV  (p. 
142),  is  apparently  near  the  junction  of  the  White  and  Blue  Limestones,  at 
the  contact  with  a  sheet  of  White  Porphyry  lying  parallel  with  the  stratifica- 
tion. It  is  there  shown  that  the  strata  are  here  turned  up  at  a  steep  angle 
against  the  London  fault  on  its  west  face,  and  that  as  their  strike  makes 
an  acute  angle  with  the  plane  of  the  fault,  they  are  gradually  cut  off  by  it, 
successively  higher  horizons  coming  in  contact  with  the  fault  line  as  one 
goes  across  London  Mountain  from  north  to  south.  This  is  shown  in  a 
general  way  on  the  map  of  the  Mosquito'  Range;  but  it  must  be  borne  in 
mind  that  the  line  of  fault  could  not  be  traced  with  absolute  accuracy,  owing 
to  its  covering  of  debris,  and  that,  even  if  it  could  have  been,  the  scale  of  the 
map  is  too  small  to  represent  the  necessary  details  of  structure.  This  is  a 
point  of  great  interest  as  regards  both  its  geological  structure  and  the  light 
its  exploration  might  throw  upon  the  genesis  of  ore  deposits,  and  it  is  to  be 
regretted  that  the  underground  workings  of  the  mine  had  not  been  suffi- 
ciently extended  to  afford  more  definite  data  on  these  points.  In  the  single, 
somewhat  hurried  visit  that  could  be  made  only  a  cursory  view  could  be 
obtained  of  the  ore  deposits  and  their  surroundings.  They  consist  of  two 
so-called  veins,  parallel  and  about  forty  feet  apart,  standing  nearly  vertical 
and  striking  about  northwest  and  southeast  Of  these,  the  southwestern 
has  an  average  thickness  of  about  four  feet  and  is  extremely  well  defined. 
It  carries  sulphurets  of  lead,  copper,  and  iron,  with  some  gold.  The  north- 
eastern body  is  a  free-gold  ore,  impregnating  the  country  rock  for  about 
two  feet  in  thickness.  Both  have  been  proved  in  a  length  and  in  a  height 
above  the  tunnel  level  of  several  hundred  feet,  and  the  ore  was  said  to 
average  $40  per  ton  and  upwards,  consisting  in  considerable  proportion  of 
free-milling  ore.  . 
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The'main  working  tunnel  was  run  into  the  base  of  the  mountain  on  a 
level  with  the  mine  buildings,  a  little  west  of  south  in  direction,  and  cut 
the  ore  bodies  at  510  and  590  feet  from  its  mouth,  respectively.  From 
this  drifts  run  along  the  veins  in  southeasterly  direction,  from  which  it  was 
intended  to  carry  stopes  upwards  toward  the  crest  of  the  mountain,  which, 
at  its  summit,  is  seven  hundred  to  eight  hundred  feet  above  the  tunnel  level. 
The  direction  of  these  ore  bodies  converges  towards  the  fault  plane,  and  it 
was  estimated  that  the  latter  would  be  cut  by  these  drifts  under  the  crest 
or  a  little  south  of  that  point,  the  distance  at  which  it  would  be  reached 
depending  on  the  angle  of  dip  of  the  fault  plane,  of  which  nothing  definite 
could  be  ascertained.  If  this  dip  were  very  steep  or  near  the  vertical,  the 
distance  of  intersection  would  be  correspondingly  greater.  It  was  evident 
from  what  was  seen  during  the  examination  that  the  ore  bodies,  in  spite  of 
their  appearing  at  first  glance  to  be  vertical  veins,  are  following,  at  least 
approximately,  the  stratification  of  the  sedimentary  beds,  and  in  this  respect 
resemble  the  majority  of  the  deposits  of  the  region.  They  were,  therefore, 
probably  formed  before  the  folding  and  faulting  took  place;  in  which  case 
they  will  end  at  the  fault  plane,  their  continuation  beyond  that  plane  having 
been  carried  up  by  the  movement  of  the  fault,  and  since  eroded  away.  It 
is,  of  course,  possible  that  the  ore  currents  by  which  they  were  deposited 
came  up  along  the  fault  plane  itself,  in  which  case  the  ore  bodies  would 
naturally  be  found  to  continue  downwards  on  that  plane.  Should  this  be 
found  to  be  the  case  it  would  be  the  first  instance  observed  in  all  this  region 
of  original  ore  deposition  on  one  of  these  great  fault  planes.1 

Peerless  mine. — At  the  head  of  Horseshoe  gulch  are  a  number  of  claims, 
two  of  which  have  developed  a  considerable  amount  of  ore.  Of  these,  the 
Badger  Boy  is  in  the  Blue  Limestone,  which  is  exposed  in  the  bed  of  the 
north  fork  of  Four-Mile  Creek.  The  Peerless  mine  is  at  the  very  crest  of 
the  ridge,  just  south  of  Peerless  Mountain.  Its  ore  is  found  about  twenty 
feet  below  the  top  of  the  limestone  in  irregular  lenticular  bodies.  The 
limestone  is  here  very  silicious,  the  upper  part  resembling  quartzite,  but  it 

1  Since  this  visit  a  wealthy  company  has  developed  the  mine,  bnildinga  railway  eight  miles  long 
for  transporting  ore  and  supplies  and  a  mill  for  the  reduction  of  the  ore.  The  fault  plane  is  said 
to  have  been  cut  by  the  drifts  along  the  vein,  but  trustworthy  accounts  are  wanting  as  to  the  results 
of  developments  bearing  upon  the  above  points. 
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is  also  very  much  iron  stained,  and  it  seems  probable  that  this  is'merely  a 
secondary  deposition,  resembling  the  gangue  matter  of  some  of  the  Lead- 
ville  mines.  The  ore  is  galena  and  hard  carbonates,  with  a  little  copper, 
generally  in  the  form  of  carbonate. 

WESTERN   SLOPES    OF   MOSQUITO   RANGE. 

On  the  west  side  of  the  range,  outside  the  limits  ot  the  Leadville  map, 
are  many  prospect  holes,  both  at  the  contact  of  the  Blue  Limestone  and 
White  Porphyry  and  in  the  underlying  and  overlying  rocks  indiscrimi- 
nately. The  former  have  generally  developed  a  little  ore,  even  as  far  south 
as  Weston  Pass,  but  the  developments  are  extremely  superficial  and  unsys- 
tematic. Here,  as  elsewhere,  miners  seem  particularly  attracted  by  the  black 
layers  which  are  common  in  the  Weber  Grits,  and  considerable  labor  has 
been  fruitlessly  expended  in  exploring  the  bed  of  black  shales  on  Empire 
Hill,  which  contains  fossils  whose  casts  have  been  replaced  by  iron  pyrites. 
In  the  region  north  of  Leadville,  on  the  west  side  of  the  range,  owing  to 
the  fact  that  the  surface  is  principally  occupied  by  the  Weber  formation, 
the  by  no  means  inconsiderable  labor  expended  by  prospectors  has  been 
comparatively  fruitless.  Slight  traces  of  ore  are  frequently  found  in  con- 
tact with  the  numerous  bodies  of  porphyry  which  traverse  this  formation, 
but  as  yet  none  worthy  of  any  extended  development.  The  teachings  of 
this  examination  are  that  remunerative  ore  bodies  are  far  more  likely  to  be 
found  in  the  calcareous  than  in  the  silicious  beds,  and  for  this  reason  pros- 
pectors would  be  wise  to  direct  their  labors  principally  to  prospecting  the 
outcrops  of  limestone  strata.  The  actual  ore  contact  between  Blue  Lime- 
stone and  overlying  porphyry  occurs  on  the  wooded  slopes  bordering  Ten- 
nessee Park,  and  is  so  much  obscured  by  surface  accumulations  that  it  is 
practically  unprospected. 

EI  capitan  mine. — This  mine  is  situated  just  west  of  the  extreme  north- 
west corner  of  the  Mosquito  map,  the  location  of  its  shaft  being  given  in 
the  margin.  Greater  importance  attaches  to  it  than  the  economical  value 
of  the  ore  bodies  would  otherwise  warrant,  because  it  is  the  first  discovery 
of  rich  ore  in  Blue  Limestone  north  of  the  Leadville  district.  No  indica- 
tions of  ore  were  found  upon  the  surface  in  this  region,  and  it  was  simply 
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because  it  was  recognized  as  the  "Leadville  contact"  that  the  limestone 
was  prospected.  The  general  geological  structure  is  shown  in  Figure  5, 
which  represents  an  east-and-west  section  approximately  along  the  northern 
boundary  of  the  area  mapped. 

Figure  5. — Taylor  Hill. 


Weber  Grite. 


Weber  Shales.          Blue  Limestone.         Parting  Qu 


Gray  Porphyry. 


The  Cambrian,  Silurian,  and  Blue  Limestone  beds  here  outcrop  along 
the  base  of  the  wooded  hill  slopes,  dipping  at  about  20°  to  the  eastward. 
Above  these  is  the  main  sheet  of  Gray  or  Eagle  River  Porphyry  in  great 
thickness,  the  sandstones  of  the  Weber  Grits  forming  the  upper  part  of 
Chicago  ridge.  The  lower  part  of  the  Weber  Grits,  or  the  Weber  Shales, 
which  here  consist  mainly  of  quartzite,  with  only  a  few  thin  layers  of 
shale,  are  split  into  two  portions  by  the  porphyry  body  and  separated  from 
the  main  body  of  Weber  Grits  above.  A  fragment  of  these,  about  forty 
feet  thick  at  the  outcrop,  is  left  resting  directly  on  the  Blue  Limestone  below 
the  porphyry  body.  The  Blue  Limestone  has  the  ribbings  of  white  calc  spar, 
which  characterize  it  at  Leadville  and  at  the  Sacramento  mine.  No  ore  has 
been  found  at  the  actual  porphyry  contact,  but  it  occurs  at  the  upper  sur- 
face of  the  Blue  Limestone,  extending  downward  to  a  depth  of  15  to  20 
feet,  as  shown  in  Figure  6,  which  is  a  section  on  a  larger  scale  through  the 
mine  itself. 

As  at  Leadville,  the  ore  occurs  as  a  replacement  of  the  limestone,  but 
yields  free  gold  instead  of  lead  and  silver,  the  latter  occurring  only  in  small 
quantity,  and  lead  as  yet  not  having  been  found.  The  vein  material  con- 
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sists  of  iron-stained  clay,  with  layers  of  light-colored  banded  chert,  from  a 
few  inches  to  two  or  three  feet  in  thickness,  which  pass  into  coarse  silicious 
sandy  material,  resembling  quartzite  ;  this  latter  constitutes  the  richest  gold 
ore.  Impure  kaolin  and  Chinese  talc  are  also  found  in  the  vein  material, 
and  are  generally  gold-bearing.  The  deposit  is  thus  in  almost  every  respect 
a  counterpart  of  those  of  Leadville,  except  that  gold  replaces  silver  and  that 
lead  is  wanting.  From  this  vicinity  was  obtained  direct  evidence  that  tho 
iron  oxide  in  these  vein  materials  results  from  the  decomposition  of  pyrites, 
in  the  kernel  of  undecomposed  pyrite  that  sometimes  is  found  in  the  center 
of  a  nodule  of  vein  material. 

Figure  6.— El  Capitau  Mine. 


\Vrhrr  f  Me.. 


firnj  Porphyry. 


The  following  table  shows  the  result  of  a  chemical  examination  of  one 
of  these  nodules  from  No  Name  gulch,  to  the  south  of  the  El  Capitan  mine. 
Analysis  No.  1  is  tho  pyrite  kernel,  No.  2  the  dark  zone  next  to  it,  and  No. 
3  the  lighter-colored  outer  zone.  From  these  it  would  seem  that  the  proc- 
ess of  change  is  not  only  an  oxidation  of  the  sulphide,  but  a  gradual 
removal,  first  of  the  sulphuric  acid  and  later  of  part  of  the  hydrated  oxide 
of  iron,  and  a  replacement  of  this  by  insoluble  material,  mainly  silica. 
From  the  two  analyses  of  rich  ore  (Nos.  4  and  f>)  in  the  same  table,  the 
richer  of  the  two  appears  to  be  that  in  which  this  change  has  proceeded 
furthest,  and  which  is  called  "silicious  ore,"  although  its  contents  in  alu- 
mina would  seem  to  indicate  a  mechanical  as  well  as  a  chemical  interchange. 
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Substance. 

Insoluble. 

FeSi 

Fej03 

A!*0s 

CaO    \ 
MgO  5 

Ignition. 

Ag 

An 

Total. 

1 

Pyrite   kernel,   Ko 

7.36 

56.31 

34  44 

98  11 

2 

Darker    intermedi- 

16.36 

73.42 

0.09 

10.13 

100.  00 

3 

54  28 

39.84 

0.06 

5  82 

100.  00 

4 

"  Silicions  ore,"  El 
Capitan  mine  

Silica 
82.40 

PbO 

Trace 

10.38 

4.  1C 

1.217 

Water 
1.83 

0.002 

0.011 

100.00 

• 

"Gold  ore,  "El  Cap. 

11  56 

None 

77  60 

0  609 

10  23 

0  0002 

0  0004 

90  9996 

TEN-MILE    DISTRICT. 

The  ore  deposits  of  this  district,  which  lies  north  of  the  western  half 
of  the  Mosquito  map,  will  be  made  the  subject  of  a  separate  monograph, 
and  only  a  brief  mention  of  their  prominent  characteristics  need  be  made. 

The  larger  and  more  prominent  ore  bodies  of  this  district  resemble 
the  Leadville  deposits  in  that  they  occur  as  a  replacement  of  limestone 
strata,  and  generally  along  the  upper  surface  of  these  strata.  In  this  re- 
spect they  are  contact  deposits,  but  the  immediately  overlying  rock  is  gen- 
erally a  sandstone  instead  of  a  porphyry  sheet.  The  development  of  erup- 
tive rocks  is  even  more  remarkable  than  at  Leadville,  and  they  occur  gen- 
erally as  intrusive  sheets  nearly  parallel  with  the  stratification,  sometimes 
also  in  the  form  of  transverse  sheets  and  dikes.  Thus,  although  the  ore 
body  may  not  be  found  in  actual  contact  with  an  eruptive  rock,  it  is  never 
very  far  removed  from  one. 

The  ore  bodies  themselves  are  less  completely  oxidized  than  those  of 
Leadville,  probably  because  of  the  greater  elevation  above  sea-level,  in 
consequence  of  which  surface  waters  are  imprisoned  by  frost  during  a 
greater  proportion  of  the  year.  The  unoxidized  portion  of  these  larger 
ore  bodies  consists  entirely  of  sulphides,  mainly  pyrite,  zinc  blende,  and 
galena,  while  the  oxidized  portion,  near  the  surface,  consists  of  iron-stained, 
clayey  vein  material,  carrying  carbonate  of  lead  and  chloride  of  silver, 
scarcely  to  be  distinguished  from  the  average  Leadville  ore,  though  it  is 
generally  less  rich  in  silver.  The  manner  of  occurrence  of  ore  bodies 
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along  the  upper  surface  of  the  limestone,  and  extending  irregularly  from 
that  surface  downwards,  gives  evidence  also  that  the  ore  currents  acted  from 
above  downwards.  Moreover,  in  the  most  important  mine  in  the  district, 
the  Robinson  mine,  the  actual  crack,  either  fault  or  jointing  plane,  through 
which  these  currents  may  have  reached  the  limestone  can  be  traced  in  the 
roof  of  the  main  ore  body  and  parallel  with  its  longest  dimension.  Along 
this  a  certain  amount  of  pyrite  has  been  deposited  in  the  micaceous  sand- 
stone which  overlies  the  limestone. 

The  beds  in  which  these  deposits  are  found  belong  to  the  Upper  Coal 
Measure  formation,  whose  base  has  been  arbitrarily  taken  at  the  Robinson 
Limestone,  so  called  £rorn  the  mine  of  that  name  in  which  it  was  first  ex- 
amined. 

DEPOSITS    IN   THE    ARCHEAN. 

On  the  opposite  side  of  Tennessee  Park  from  the  El  Capitan  mine, 
one  of  the  prominent  peaks  of  the  Sawatch  range  is  known  as  Homestake 
Peak,  from  the  mine  of  that  name,  which  occurs  in  the  Archean  rocks  on  its 
slopes.  It  was  discovered  before  the  carbonate  deposits  of  Leadville,  and 
is  said  to  have  produced  considerable  rich  galena,  carrying  from  30  to 
60  per  cent,  of  lead  and  from  200  to  250  ounces  of  silver  to  the  ton.  In 
it  has  been  found  a  small  amount  of  an  arsenical  nickel  mineral,  supposed 
to  be  gersdorffite.  As  the  mine  was  not  visited,  nothing  further  can  be 
said  as  to  the  character  of  the  deposit. 

In  the  Buckskin  and  Arkansas  amphitheaters  are  many  prospects  and 
a  few  small  mines,  on  what  are  assumed  by  their  owners  to  be  true  fissure 
veins.  None  of  the  mines  were  being  worked  at  time  of  visit,  and  they 
were  therefore  mostly  inaccessible.  They  were  examined,  however,  when- 
ever they  came  within  the  line  of  work,  and  it  was  found,  so  far  as  such 
examination  extended,  that  they  were  invariably  a  simple  mineralization  of 
the  country  rock  along  some  plane  which  admitted  the  percolation  of  water, 
whether  a  jointing  plane  or  the  plane  of  a  fault,  and  that  the  mineral 
occurred  as  an  impregnation  or  replacement  of  the  country  rock,  the  vein 
materials  being  simply  an  alteration  product  of  this  rock,  and  not  foreign 
material  filling  pre-existing  fissures,  as  is  supposed  to  be  the  case  in  a  true 
fissure  vein. 


CHAPTEE  VI. 

GENESIS  OF  LEADVILLE  DEPOSITS. 

The  ore  deposits  of  the  region  having  been  described  in  the  foregoing 
chapters,  with  as  much  detail  as  space  allows,  it  remains  to  gather  together 
briefly  the  evidence  upon  which  the  general  conclusions  with  regard  to 
their  origin  and  manner  of  formation,  given  in  Chapter  I,  have  been  ar- 
rived at. 

Before  entering  upon  the  discussion  of  this  evidence,  however,  I  would 
state  that  I  do  not  claim  that  these  conclusions  are  absolute  or  final,  nor  do 
I  wish  to  be  considered  as  offering  them  as  general  theories  applicable  to 
all  ore  deposits.  They  are  those  that  seem  to  best  accord  with  the  facts 
now  at  my  command,  and  these  facts  have  been  presented  carefully,  con- 
scientiously, and  without  bias  in  favor  of  any  preconceived  theory.  Other 
facts  may  come  to  light  which  may  lead  to  a  modification  of  these  conclu- 
sions, and  I  reserve  the  right  to  adopt  such  modifications  wherever  the 
evidence  afforded  by  further  developments  in  this  or  any  other  district 
which  may  come  under  my  notice  shall  seem  such  as  to  require  it.  The 
study  of  the  underground  structure  of  a  mining  district  necessarily  pre- 
sents many  problems  which  cannot  be  definitively  solved  until  the  entire 
area  has  been  explored;  nevertheless,  deductions  may  be  made  from  ob- 
served facts,  and  from  analogy  with  facts  gathered  in  other  carefully  studied 
regions,  which  will  justify  a  hypothetical  forecast  that  may  be  of  great 
practical  service  to  those  engaged  in  mining,  even  should  that  forecast  be 
proved  later  to  be  incorrect  in  some  of  its  details. 

In  studying  the  genesis  of  the  ore  deposits  of  Leadville,  one  main 
difficulty  at  the  time  that  this  work  was  carried  on  was  their  universally 
oxidized  condition,  resulting  from  secondary  alteration  by  surface  waters, 
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which  rendered  it  difficult  to  arrive  definitely  at  the  original  form  in  which 
they  were  laid  down.  When  the  mine  workings  shall  have  been  extended 
to  such  depths  that  the  mineral  is  found  practically  sheltered  from  *the 
secondary  action  of  surface  waters  the  study  will  be  rendered  more  easy 
and  the  results  arrived  at  will  be  more  certain. 

In  this  discussion  it  will  not  always  be  possible  to  follow  the  exact 
order  given  in  Chapter  I,  which  was  adopted  rather  for  the  purpose  of 
presenting  a  concise  and  readily  comprehensible  statement  than  as  the 
logical  sequence  of  the  processes  actually  involved  in  the  ore  deposition. 

MANNER    OF   OCCURRENCE. 

Perhaps  the  most  suggestive  fact  in  the  manner  of  occurrence  of  the 
Leadville  ores  is  their  predominance  in  the  beds  of  the  Lower  Carbonifer- 
ous or  Blue  Limestone,  and  one  is  naturally  led  to  seek  a  cause  for  this 
preference.  It  being  admitted  that  the  ores  were  deposited  from  aqueous 
solutions,  it  is  readily  apparent  that  the  more  soluble  limestone  beds  would 
be  more  easily  acted  upon  by  these  solutions  than  the  other  sedimentary 
beds  of  the  region,  which  consist  mainly  of  sandstones  and  argillaceous 
shales,  and  are  much  less  susceptible  to  the  action  of  percolating  waters. 
This,  however,  does  not  explain  why  the  Blue  Limestone  should  have  been 
chosen  rather  than  any  of  the  other  calcareous  beds  of  the  region. 

There  was  a  theory  at  one  time  prevalent  among  mining  men  in  the 
West  that  the  great  silver  deposits  in  limestone  were  peculiar  to  a  definite 
geological  horizon,  a  conception  that  perhaps  had  its  origin  in  the  tendency 
of  some  geologists  to  generalize  from  the  coincidence  that  certain  classes 
of  deposits  have  been  found  in  different  parts  of  the  world  at  the  same 
geological  horizon.  Indeed,  some  have  gone  so  far  as  to  base  their  deter- 
mination of  the  horizon  of  certain  beds,  when  other  evidence  was  wanting, 
on  the  occurrence  in  them  of  this  class  of  deposits.  The  great  silver 
deposits  in  limestone  of  the  western  United  States  are,  in  point  of  fact, 
found  throughout  the  whole  range  of  the  Paleozoic  system,  and  the  hori- 
zons of  no  two  districts  have  as  yet  been  proved  to  be  absolutely  identical. 
As  a  case  in  point,  the  vast  deposits  in  the  Ten-Mile  district,  only  16  miles 
from  Leadville,  occur  in  the  Upper  Carboniferous  Limestones,  and  not  in 
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the  Blue  or  Lower  Carboniferous  Limestone.  It  is  true  that  these  deposits 
in  the  western  United  States  are  mainly  confined  to  Paleozoic  beds,  but 
this  is  hardly  to  be  wondered  at  when  one  considers  that  the  other  hori- 
zons are  almost  entirely  silicious  or  argillaceous  and  contain  as  a  rule  a 
very  limited  development  of  limestone.  It  is  evident  that  broad  general- 
izations on  the  basis  of  geological  horizon  alone  are  not  only  unfounded 
but  are  misleading,  and  that  it  is  more  logical  to  seek  for  an  explanation 
in  the  local  conditions  of  each  individual  district. 

The  causes  that  may  have  influenced  the  concentration  of  ore  in  any 
particular  bed  of  limestone  may  have  been  physical  or  chemical ;  that  is, 
the  structural  or  physical  conditions  of  the  region  may  have  been  such  that 
the  solutions  were  naturally  directed  to  that  particular  bed,  or  the  composi- 
tion of  that  bed  may  have  been  such  as  to  render  it  peculiarly  susceptible 
to  the  action  of  waters  reaching  it  from  adjoining  rocks  or  to  cause  the 
precipitation  of  the  minerals  held  in  solution  by  those  waters. 

The  physical  or  structural  conditions  of  this  region  have  been  shown 
by  geological  descriptions  to  be  peculiarly  favorable  to  the  concentration 
of  percolating  waters  in  the  Blue  Limestone.  The  great  intrusive  sheets 
of  porphyry  are  found  to  follow  it  most  persistently,  mainly  along  the 
upper  surface,  less  frequently  along  its  under  surface,  and  also  cutting 
transversely  across  it.  These  intrusive  bodies  are  also  found  at  other  hori- 
zons, it  is  true,  but  at  none  so  persistently  and  so  uniformly  as  at  this.  Thus 
both  ascending  and  descending  currents  would  readily  reach  these  beds,  the 
latter  trickling  through  the  uniformly  permeable  eruptive  rock,  the  former 
following  up  the  walls  of  the  channel  through  which  it  was  erupted  Such 
waters,  after  passing  through  a  medium  of  different  composition,  would  be 
ready  for  a  chemical  interchange  with  the  limestone,  but  in  the  case  of 
ascending  waters  it  does  not  appear  evident  why  this  interchange  should 
have  taken  place  along  one  wall  of  the  channel  rather  than  the  other,  while 
with  descending  waters  this  action  would  naturally  commence  on  the  upper 
surface  of  the  limestone  bed.  Thus  the  physical  conditions  afford  a  reason 
for  the  predominant  choice  of  this  horizon. 

As  regards  the  chemical  composition  of  the  bed,  the  evidence  is  less 
conclusive.  Some  authors  have  been  inclined  to  regard  dolomitic  limestone 
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as  the  peculiar  habitat  of  lead  and  silver  deposits,  from  the  fact  that  many 
silver-bearing  limestones  have  been  found  to  be  clolomitic,  making  thus  a 
generalization  out  of  a  coincidence.  But  the  evidence  here  fails  to  confirm 
any  such  coincidence.  Not  only  are  the  other  limestone  beds  of  the  region, 
which  do  not  carry  metals  in  quantity,  equally  dolomitic,  but  in  the  adjoin- 
ing Ten-Mile  district  the  ore  occurs  in  non-dolomitic  limestones,  and  in 
the  Robinson  mine  is  confined  to  the  upper  part  of  a  limestone  which  is 
almost  chemically  pure  carbonate  of  lime,  while  it  does  not  extend  into  the 
lower  part  of  the  horizon,  which  carries  nearly  7  per  cent,  of  carbonate  of 
magnesia. 

A  reason  which  might  have  been  offered  for  the  greater  susceptibility 
of  dolomite  to  the  decomposing  action  of  percolating  waters,  viz,  the  sup- 
position that  the  carbonate  of  lime  in  a  dolomite  is  first  attacked,  and  that 
thus  a  disintegration  of  the  rock  is  readily  commenced,  has  been  disproved 
in  the  case  of  the  rocks  of  this  region  by  the  chemical  experiments  made, 
which  show  that  the  waters  act  simultaneously  upon  both  carbonates,  or 
rather  upon  the  double  carbonate  and  not  upon  either  of  its  component  parts. 

As  regards  the  minor  differences  in  composition  between  the  different 
dolomites  of  the  region,  the  chemical  investigations  which  it  has  been  pos- 
sible to  make  furnish  little  more  than  suggestions.  The  beds  whose  phys- 
ical conditions  are  most  similar  to  those  of  the  Blue  Limestone,  and  which 
are  also  most  frequently  found  mineral-bearing  after  it,  are  those  of  the 
Silurian  or  White  Limestone. 

The  first  striking  difference  between  the  two  is  the  darker  color  of  the 
former,  which  is  presumably  due  to  organic  matter  and  possibly  in  part  to 
sulphide  of  iron,  as  suggested  by  Mr.  Guyard.  Chemical  analysis  confirms 
the  indications  given  by  outward  appearances,  showing  an  appreciable 
amount  of  organic  matter  in  the  Blue  Limestone  and  none  in  the  White. 
If  the  metals  were  brought  in  in  the  state  of  sulphates,  the  organic  matter 
would  promote  their  reduction  to  sulphide.  On  the  other  hand,  the  Robin- 
son limestone,  already  cited,  affords  an  instance  opposed  to  this  view,  for 
there  it  is  the  light-colored  limestone  which  carries  the  ore,  while  the  darker 
limestone,  which  it  may  be  assumed  has  more  organic  matter,  is  quite  barren. 
A  second  difference  between  the  Blue  and  the  White  Limestone  is  that 
the  former  contains  no  silica  and  the  latter  over  10  per  cent.  It  may  be 
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that  owing  to  this  difference  in  composition  the  former  is  more  soluble, 
but  this  could  only  be  satisfactorily  determined  by  a  practical  experiment 
which  should  be  carried  on  for  a  sufficiently  long  time  to  imitate  in  some 
degree  the  processes  of  nature.  Before  undertaking  such  an  investigation, 
which  would  require  several  years  for  its  proper  conduct,  it  would  be  advis- 
able to  gather  data  from  various  districts  to  determine  whether  in  point  of 
fact  the  silicious  limestones  or  dolomites  are  in  general  less  frequently  ore- 
bearing  than  those  of  normal  composition. 

From  the  above  considerations  it  seems  that  in  this  district  the  main 
cause  of  concentration  of  ore  in  the  Blue  Limestone  has  been  its  physical 
or  structural  conditions,  and  that  the  influence  of  its  peculiar  composition 
has  been  at  best  of  minor  importance 
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As  at  the  time  the  materials  for  these  investigations  were  gathered 
underground  explorations  had  not  yet  penetrated  to  depths  which  were 
beyond  the  oxidizing  influence  of  surface  waters,  a  great  part  of  the  ores  and 
vein  materials  collected  wei'e  necessarily  of  secondary  origin;  their  compo- 
sition therefore  affords  only  indirect  evidence  in  regard  to  the  composition 
and  genesis  of  the  original  deposits  by  indicating  the  agencies  and  processes 
by  which  these  alterations  were  effected. 

Independently  of  this  evidence,  however,  there  exist  good  a  priori 
grounds  for  the  assumption  that  the  original  deposits  were  in  the  form  of 
sulphides :  first,  in  the  fact  that,  in  ore  deposits  in  general,  oxidized  ores 
almost  universally  give  place  to  sulphides  in  depth  and  beyond  the  reach 
of  surface  waters;  and,  second,  in  that  in  the  analogous  deposits  of  the 
adjoining  Ten-Mile  district  oxidized  ores  similar,  to  those  of  Leadville  are 
seen  to  result  directly  from  the  alteration  of  a  mixture  of  galena,  pyrite, 
and  zinc  blende. 

Carbonate  ores. — In  the  following  table  are  given  the  analyses  of  three 
specimens  of  carbonate  ore,  selected  as  being  especially  free  from  impuri- 
ties, together  with  that  of  an  average  taken  from  a  thousand  specimens  of 
carbonate  ore  as  it  is  delivered  by  the  mines  to  the  smelters,  and  containing 
therefore  a  considerable  admixture  of  what  might  be  considered  gangue. 
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No.  1,  from  the  Adelaide  mine,  is  an  extremely  pure  white  sand,  made 
up  of  small  crystals  of  cerussite,  and  in  the  mass  looking  not  unlike  a 
coarse  white  sandstone.  These  white  sands  are,  as  a  rule,  less  rich  in  silver 
than  the  discolored  and  relatively  impure  ones,  but  this  has  exceptionally 
little  silver.  It  does  not  occur  in  the  Blue  Limestone  or  in  the  immediate 
vicinity  of  it,  but  between  the  White  and  Gray  Porphyries. 

No.  2,  from  the  Little  Chief  mine,  is  a  rich  sand-carbonate,  discolored 
and  appearing  to  contain  more  impurities  than  it  really  does. 

No.  3,  from  the  Waterloo  mine,  is  also  a  discolored  carbonate,  less  rich 
than  the  former,  in  which  only  the  constituents  of  cerussite  and  pyromor- 
phite  were  determined  qualitatively. 

No.  4  is  the  analysis  of  a  mixture  of  ores  made  by  Mr.  Th.  Fluegger, 
chemist  of  the  Harrison  Reduction  Works.  It  was  made  for  the  purpose  of 
showing  the  average  proportions  of  the  most  common  elements  in  the  ore, 
and  it  may  be  assumed  that  neither  did  the  laboratory  facilities  at  his 
command  admit  of,  nor  his  purpose  demand,  an  equal  standard  of  accuracy 
with  the  others  in  regard  to  the  rarer  elements  and  their  combinations. 

Carbonate  ores. 


1.  Adelaide. 

2.  Little  Chief. 

3.  Waterloo.       4.  Average  ore. 

PbO 

80.352 

75.  408 

I 
77.  980                            24.  77 

AlxOi 

Or  444 

1.415 

3.99 

FeiOi 

0  467 

1.940 

24.86 

FeO 

0  290 

0.89 

MnO 

0  137 

0.074 

4.03 

MnCb 

1.386 

...!***•« 

CoO 

Trace 

<Na«OS 

ZnO 

0  095 

Trace 

CaO 

0  303 

0  335 

!                  2.36 

\l    -(  V 

0  068 

0  056 

3.04 

SiO* 

0  651 

1.972 

22.59 

SbjOi 

0  121 

Sb-  0.02 

AszOs 

A»-  0.01 

P-O« 

1  532 

Trace 

6.480            

SO] 

0  486 

..     j       S-     0.90 

COi 

14.700 

14.  251 

10.  180                            5.  58 

Cl      

0.255 

0.588 

0.  840                              0.  09 

HJ"> 

0  395 

1   140 

5.  53 

An 

0.009 

0.777 

0.  047                            0.  31 

Au 

Trace 

Trace 

Total  

99.  612 

U9.  744 

M.  527                            99.  95 

COMPOSITION  OF  OEES.  545 

In  discussing  the  above  analyses  the  combinations  of  different  ele- 
ments in  the  ores  and  the  indications  afforded. as  to  the  state  in  which  they 
existed  prior  to  alteration  will  first  be  considered,  next  the  possible  proc- 
esses, and  finally  the  agencies,  by  which  this  alteration  may  have  been 
effected. 

Gold  exists  in  these  ores  only  in  traces;  it  has  never,  so  far  as  known, 
formed  any  considerable  value  in  the  limestone  ores,  except  in  the  Florence 
mine,  where  it  has  been  observed  in  the  native  state.  It  is  in  this  form 
without  doubt  wherever  it  occurs.  It  is  generally  supposed  to  be  most 
.commonly  associated  with  pyrite  in  sulphuret  deposits,  and  the  assays  of 
the  Pyritiferous  Porphyry  given  below  (Table  IV,  Appendix  B)  confirm 
this  hypothesis.  They  show,  however,  that  it  may  be  associated  with 
galena,  and  it  is  said  that  from  the  Printer  Boy  mine  a  specimen  of  galena 
was  obtained  in  which  two  crystals  of  this  mineral  were  connected  by  a 
thread  of  gold.  Most  of  the  small  amount  of  gold  that  is  produced  by 
Leadville  mines  comes  from  deposits  in  porphyry  or  sandstone,  which 
sometimes  carry  a  little  copper  also.  The  greater  part  of  the  gold  in 
Leadville  bullion  conies  from  ore  shipped  to  the  smelting  works  from 
deposits  in  the  Archean  rocks  of  neighboring  districts. 

Silver  exists  in  the  oxidized  ores  invariably  in  the  form  of  chloride,  as 
far  as  can  be  judged  by  actual  observation.  With  a  strong  lens,  minute 
crystals  and  flakes  of  chloride  can  be  detected  on  the  crystals  of  cerussite, 
or  coating  cleavage  surfaces  and  cracks  in  the  various  vein  materials,  even 
in  comparatively  poor  ores.  The  above  analyses  confirm  this  observation. 
The  first  three  show  more  than  enough  chlorine  for  combination  with  the 
silver  they  contain.  In  the  mixture  Hie  amount  of  chlorine  is  0.01  less  than 
is  required  by  the  amount  of  silver;  if  it  could  be  assumed  that  the  de- 
termination of  chlorine  was  absolutely  accurate,  a  small  portion  of  the 
silver  might  be  assumed  to  be  combined  with  the  sulphur,  antimony,  and 
arsenic.  Since  there  is  a  reasonable  doubt  on  this  point,  the  weight  of  evi- 
dence is  still  in  favor  of  its  probable  combination  with  chlorine. 

The  association  of  minerals  in  the  Leadville  ore  deposits  generally 
furnishes  a  priori  grounds  for  the  assumption  that  in  the  original  deposit 
silver  was  in  the  form  either  of  simple  sulphide  or  of  some  of  the  antimo- 
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nial  or  arsenical  sulphides  in  which  it  commonly  occurs  in  nature.  As 
regards  the  probability  of  its  having  existed  in  the  latter  combinations,  it 
is  significant  that  in  the  Adelaide  ore,  which  contains  scarcely  any  silver, 
only  a  trace  of  arsenic  and  no  antimony  are  found;  whereas  both  are  pres- 
ent and  in  appreciable  quantities  in  the  richer  ores,  2  and  4.  It  will  be 
seen  later  that  these  substances  are  generally  detected  in  the  vein  materials, 
and  are  found  in  considerable  quantities  in  the  smelting  products,  antimony 
being  in  relatively  larger  proportions  than  arsenic.  It  will  also  be  seen  that 
all  the  vein  materials  and  the  country  rocks  adjoining  the  ore  bodies  contain 
a  small  but  persistent  percentage  of  silver. 

Lead  occurs  mainly  as  carbonate,  sometimes  as  sulphate,  and  quite 
often  in  the  form  of  chloro-phosphate.  In  the  Little  Chief  ore  a  little 
sulphate  still  exists,  but  no  appreciable  amount  of  pyromorphite.  In  the 
Adelaide  ore,  on  the  other  hand,  only  a  trace  of  sulphate  is  found,  but  a 
notable  proportion  of  pyromorphite,  while  in  the  Waterloo  ore  this  mineral 
amounts  to  32.07  per  cent,  as  against  61.78  per  cent,  of  cerussite.  Analysis 
4  shows  no  pyromorphite,  but  the  evidence  of  many  tests  of  ores  and  vein 
materials  besides  those  given  above  and  the  composition  of  smelting  prod- 
ucts, all  show  that  this  mineral  is  very  common  and  widespread  throughout 
the  region.  The  amount  of  carbonic  acid  given  in  Analysis  4  is  notably 
insufficient  for  the  lime,  magnesia,  and  oxide  of  lead.  If  it  is  assumed 
that  the  sulphur  is  all  combined  with  the  latter,  the  mixture  contains  only" 
one  part  of  anglesite  to  three  parts  of  cerussite.  Even  this  is,  however, 
opposed  to  the  evidence  of  observation,  for  anglesite  can  but  rarely  be  seen 
in  the  ores,  whereas  cerussite  is  most  common. 

That  the  lead  originally  occurred  in  the  form  of  galena  is  shown  by 
the  frequent  occurrence  of  the  unaltered  mineral  in  the  center  of  masses  of 
carbonate.  A  chemical  test  of  one  of  these  galena  nodules  showed  that 
between  it  and  the  carbonate  was  an  extremely  thin  crust,  made  up  mostly 
of  sulphate.  It  is,  therefore,  probable  that  in  the  alteration  it  passed  first 
into  sulphate  and  then  into  carbonate,  although  the  intermediate  product  is 
not  always  distinguishable. 

In  the  Iron  mine  a  considerable  amount  of  native  sulphur,  associated 
with  cerussite,  was  found  as  an  alteration  product  of  galena. 
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Iron  and  manganese  might  be  more  properly  considered  gangue  mate- 
rials. They  are  mainly  in  the  form  of  hydrated  sesquioxide  and  protoxide, 
respectively.  A  little  protoxide  of  the  former  and  peroxide  of  the  latter  ore 
was  found.  The  former  may  be  combined  as  basic  sulphate,  which,  as  will 
be  seen  later,  sometimes  forms  considerable  bodies.  The  latter  is  probably 
anhydrous,  as  pyrolusite  is  frequently  distinguishable  in  actual  crystals  and 
sometimes  forms  considerable  ore  masses.  Although  no  actual  pyrite  was 
observed  in  the  Leadville  deposits,  there  is  little  doubt  that  iron  existed  in 
this  form  in  the  original  deposits.  With  regard  to  the  original  form  of 
manganese  there  is  more  uncertainty,  as  the  sulphides  of  this  metal  are 
relatively  rare.  It  sometimes  occurs  as  carbonate,  in  association  with  sul- 
phides of  other  metals,  losing  its  carbonic  acid  when  they  are  oxidized. 
It  is  so  common  an  associate  of  iron  in  oxidized  ores  and  so  seldom  noticed 
in  unaltered  sulphides  that  it  might  be  thought  to  have  been  in  part  brought 
in  as  oxide  during  secondary  alteration.  It  is  possible  that  some  of  the 
iron  in  the  ores  may  be  combined  with  silica  as  silicate  and  with  arsenic  as 
arseniate.  These  were  not  absolutely  proved  to  exist,  as  it  was  not  con- 
sidered of  sufficient  importance  to  give  the  time  necessary  for  the  tests. 

Zinc  occurs  in  the  above  ores  in  very  small  proportion,  and  probably 
in  the  form  of  silicate  (calamine),  since  this  is  the  only  mineral  of  zinc  that 
has  been  observed  in  the  Leadville  deposits.  It  is  rarely  visible,  and  gen- 
erally forms  fine,  needle-like,  silky  white  crystals,  lining  drusy  cavities  and 
cracks  or  joints  in  the  vein  matei'ial  and  limestone.  There  is  little  doubt 
that  it  originally  occurred  as  zinc  blende,  and,  from  analogy  with  the  Ten- 
Mile  deposits,  it  may  be  presumed  that  it  formed  a  much  larger  proportion 
of  the  deposit  in  its  original  form  than  it  does  now.  The  much  greater 
solubility  of  its  sulphate  than  that  of  the  other  metals  would  account  for 
its  more  thorough  removal  by  surface  waters. 

Of  other  metals  cobalt  is  the  only  one  not  already  mentioned  that 
is  detected  by  the  above  analysis.  In  addition  to  this,  copper,  bismuth, 
molybdenum,  and  vanadium  have  been  locally  observed  in  mineral  combi- 
nation, and  Mr.  Guyard  claims  to  have  detected  nickel,  tin,  indium,  sele- 
nium, tellurium,  and  cadmium  in  the  furnace  products. 


548 


GEOLOGY  AND  MINING  INDUSTRY  OF  LEADVILLE. 


The  earthy  bases,  alumina,  lime,  and  magnesia,  preserve  a  certain  pro- 
portion between  each  other  in  the  three  analyses.  This  accords  with  the 
assumption  that  the  deposits  are  a  replacement  of  limestone,  and  the  fact 
that  the  apparently  pure  cerussite  from  the  porphyry  in  the  Adelaide  ground 
contains  as  much  magnesia  and  lime  as  the  Little  Chief  ore  is  in  so  far  a 
confirmation  of  the  assumption  on  structural  grounds  (see  p.  407)  that  the 
ore  bodies  in  the  former  mine  are  the  replacement  of  fragments  of  Blue 
Limestone  caught  up  by  the  porphyry  intrusion. 

Silica  is  in  relatively  higher  proportion  in  the  mixture  (4)  as  compared 
with  the  earthy  bases,  but  preserves  a  comparatively  even  relation  to  iron 
oxide,  which  would  be  expected  from  their  association  in  the  ores  in  general. 
It  is  a  question  whether  the  silica  is  in  part  in  actual  combination  with  iron 
or  whether  it  all  exists  as  free  silica.  Mr.  Guyard  suggests  that  some  of 
the  lead  may  exist  as  silicate,  but  this  also  is  not  definitely  proved. 

chloride  ores. — In  the  following  table  is  given  the  proportional  amounts 
of  chlorine,  bromine,  and  iodine,  respectively,  in  three  typical  chloride  ores 
relatively  free  from  other  minerals,  tested  for  the  purpose  of  determining 
whether  sufficiently  definite  quantitative  relations  exist  between  these  sub- 
stances to  justify  the  recognition  of  more  than  one  mineral  species.  I  and 
II  were  obtained  from  the  pale-green  mineral,  and  III  from  a  colorless 
specimen. 

Chlorine,  bromine,  and  iodine. 


Mine. 

Cl. 

Br. 

I. 

Total. 

I. 

H 

Robert  E.  Lee  

13.78 
9.80 

85.63 
89.99 

0.59 
0.21 

lOt.  Ml 

100.000 

III 

99  925 

0  075 

iiii  OM 

The  results  are  somewhat  negative,  and,  so  far  as  they  go,  lead  to  the 
conclusion  that  the  chloride  ores  are  merely  mixtures,  in  varying  propor- 
tions, of  chloride,  bromide,  and  iodide  of  silver.  The  green  chlorides, 
which  are  of  very  common  occurrence,  are  generally  called  embolite,  and 
this  application  of  the  term  is  justifiable  if  this  mineral  is  considered  simply 
an  indefinite  mixture.  In  the  analyses  of  embolite  given  in  Dana's  Miner- 
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alogy  the  relations  of  bromine  to  chlorine  vary  from  1:0.33  to  1:5.67, 
but  no  iodine  is  given.  In  I  and  II,  given  above,  the  relations  are  1:0.16 
and  1:0.11,  and  all  three  contain  a  small  amount  of  iodine. 

According  to  Moesta,1  in  the  mines  of  Chanarcillo,  Chili,  there  is  a 
regular  gradation  in  these  compounds  according  to  depth,  the  pure  chlorides 
being  found  in  the  upper  levels  down  to  a  depth  of  20  meters;  below  these 
come  mixtures,  containing  proportions  of  bromide  increasing  with  the  depth; 
still  lower  iodide  of  silver  is  added  to  the  mixture,  and  pure  iodide  of  silver 
occurs  at  sixty  to  seventy  meters  in  depth,  directly  over  the  deposits  of 
galena  and  pyrite,  in  which  the  first  sulphides  of  silver  are  found.  It  has 
not  been  possible  to  detect  any  regularity  whatever  in  the  distribution  of 
these  compounds  in  the  Leadville  deposits.  The  colorless  and  green  chlo- 
rides are  the  prevailing  varieties,  but  minute  yellow  crystals  of  iodide  of 
silver  have  been  observed  in  the  deposits  of  the  Chrysolite  mine. 

In  Chanarcillo  among  secondary  deposits  about  half  the  silver  occurs 
in  the  native  state,  and  of  the  other  half  the  far  greater  proportion  occurs  as 
chloride  or  chloro-bromide,  iodides  being  rare  and  the  proportion  of  iodine 
in  the  mixture  being  very  small.  Thus,  according  to  Moesta,  from  whose 
work  all  these  statements  are  taken,  the  relative  proportions  of  chlorine,  bro- 
mine, and  iodine  are  essentially  the  same  in  which  they  exist  in  sea-water.  It 
may  be  added  that  the  same  relations  exist  in  surface  waters,  and  in  rocks 
whenever  these  substances  have  been  detected  in  them.  Moesta's  theory 
with  regard  to  the  chlorides,  &c.,  of  Chanarcillo,  that  they  were  formed  by 
the  action  of  sea-water  (since  there  is  evidence  that  the  region  has  been 
covered  by  the  ocean  within  comparatively  recent  times),  would  not  apply 
to  the  Leadville  deposits,  for  the  reason  that  they  have  not  been  submerged 
since  the  upheaval  and  erosion  that  brought  them  within  the  reach  of  sur- 
face waters. 

Basic  feme  sulphates. — In  the  following  table  are  given  the  analyses  of 
three  specimens,  contributed  by  Mr.  L.  D.  Ricketts,  from  material  observed 
by  him  to  frequently  constitute  a  persistent  bed  under  the  rich  ore  bodies, 
especially  on  Carbonate  Hill.  This  material  is  of  ocherous-yellow  color, 

1  Chlor-,  Bmtn-  und  Jodverbindungen  des  Silbers  in  der  Natnr.    Dr.  Fr.  A.  Moesta.    Marburg,  1870. 
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somewhat  like  a  dry  clay,  and  easily  recognized  by  its  external  appearance, 
though,  as  will  be  seen,  of  very  variable  composition: 

Basic  sulphates. 


Mine. 

SiO, 

FejOa 

A1.0, 

CaO    MgO  i  KiO 

Na,O 

II  <> 

PbO 

Bi,0j 

AsiOt 

PjOs 
0.08 

S03 

Cl 

Ag 

An 

Totals. 

I. 

Maid   of 

None 

46.70 

None 

0.06 

0.06 

5.33 

1.68 

10.54 

4.27 

0.08 

0.46 

30.53 

0.02 

0.0048 

Trace 

99.  8148 

Erin. 

n. 

in. 

Morning 
Star. 
Lower 

0.30 
0.36 

42.98 
44.40 

0.20 
0.23 

0.64 
None 

None 
None 

6.31 
0.15 

0.83 
0.37 

10.12 
8.99 

a27 
18.50 

None 
None 

0.42 
0.39 

1.58 
0.11 

27.  81  0.  26 
1 
25.  07  0.  04 

0.  0036 
0.075 

None 
None 

7238 
99.685 

Water- 

loo. 

These  substances  are  somewhat  complex  basic  sulphates,  and  might 
be  considered  to  be  a  mixture  of  jarosite  with  varying  proportions  of  basic 
ferric  sulphate.  They  are  evidently  an  alteration  product  of  pyrite  and 
galena,  although,  while  nodules  of  galena  rich  in  silver  are  occasionally 
found  in  them,  pyrite  has  not  yet  been  detected.  The  absence  of  zinc  in 
the  specimens  analyzed  is  noteworthy,  and  is  in  accordance  with  the  obser- 
vation already  made,  that  it  has  been  further  removed  from  the  original 
ore  bodies  than  the  other  metals,  presumably  on  account  of  the  ready 
solubility  of  its  sulphate.  The  persistent  percentage  of  the  alkalies,  which 
were  found  in  sensibly  the  same  proportions  in  three  other  specimens  tested, 
would  suggest  that  the  waters  which  produced  this  alteration  reached  the 
ore  bodies  after  passing  through  decomposed  porphyry.  Their  chief  in- 
terest lies  in  the  definite  evidence  they  afford  that  they  result  from  the 
oxidation  of  sulphides.  Similar  products  have  frequently  been  observed  in 
old  mine  openings  where  large  bodies  of  pyrite  have  been  long  leached  by 
surface  waters.  Copperas  first  formed  gradually  loses  a  portion  of  its 
water  on  exposure  to  the  air,  and  the  protoxide  of  iron  becomes  sesquioxide. 
Further  exposure  leads  to  the  formation  of  limonite. 

Processes  of  alteration. — Assuming  that  the  metals  in  the  original  deposits 
existed  in  the  form  of  sulphides,  it  comes  next  in  order  to  consider  the 
possible  processes  by  which  the  combinations  noted  above  may  have  been 
derived  from  them. 

By  oxidation  all  the  metallic  sulphides  may  be  transformed  into  sul- 
phates,1 and  the  relative  solubility  of  the  latter  is  in  inverse  proportion  to  the 

1  Percy's  Metallurgy  of  Silver  aud  Gold,  Part  I.    London,  1880. 
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distance  to  which,  at  Leadville,  the  metals  appear  to  have  been  removed 
during  secondary  alteration  from  the  original  locus  of  deposition. 

According  to  J.  Roth,1  of  such  sulphates  100  parts  of  water  dissolve, 
respectively  : 


At  12°  C.,  21.300  parts  sulphate  of  iron. 
At  41°  C.,  41.300  parts  sulphate  of  zinc. 

The  sulphate  of  silver  is  less  soluble  than  either  that  of  iron  or  of  zinc, 
but  probably  more  so  than  the  sulphate  of  lead;  and  at  100°  C.  it  is  said  to 
be  soluble  in  88  parts  of  water. 

Sulphide  of  silver  may  be  reduced  to  native  silver  by  the  action  of 
water  at  100°  C.,  during  which,  according  to  Moesta,  the  water  itself  is 
decomposed  and  S03  and  HS  are  formed.  Native  silver  is  slowly  converted 
into  chloride  in  waters  containing  alkaline  chlorides.2 

Sulphide  of  silver  is  converted  directly  into  chloride  of  silver  at  ordi- 
nary temperatures  when  exposed  to  the  action  of  sulphate  of  sesquioxide  of 
iron,  chloride  of  sodium,  and  water.2  The  presence  of  air  is  not  necessary 
for  this  reaction,  but  if  the  sulphate  of  protoxide  of  iron  is  substituted  for 
the  basic  sulphate,  chloride  of  silver  is  net  produced  without  the  presence  of 
air.  This  indicates  that  a  salt  of  sesquioxide  of  iron  must  be  formed  before 
the  sulphide  of  silver  is  decomposed. 

Moesta'  s3  experiments  show  that  this  reaction  may  take  place  with  a 
solution  of  NaCl  alone  at  100°  C.,  and  even  at  20°  C.,  but  that  it  is  quick- 
ened by  the  presence  of  chloride  of  magnesium,  and  still  more  by  pow- 
dered pyrite;  also  that  the  combination  with  iodine  is  more  rapid  than  with 
chlorine. 

Sulphate  of  lead  is  transformed  at  the  ordinary  temperature  into  car- 
bonate by  solutions  of  fixed  alkaline  carbonates,  and  also  by  those  con- 
taining bicarbonate  of  lime  and  atmospheric  air.  Carbonate  of  lead  (cerus- 
site)  is  soluble  in  7,144  parts  of  water  saturated  with  carbonic  acid.4  In 
conversion  100  parts  by  weight  of  sulphide  of  lead  become  126.78  of  sul- 
phate, and  this  in  turn  111.71  parts  of  carbonate  of  lead.8  The  increase 

'Allgemeine  Geologie,  p.  59.     Berlin,  1879. 

!Percy's  Metallurgy  of  Silver  and  Gold,  Part  I.     London,  1880. 

'Chlor-,  Brom-  und  Jodberbindungen  des  Silbersin  derNatur,  p.  40.  Dr.  Fr.  A.  Moesta.  Mar- 
burg, 1870. 

'Percy's  Metallurgy  of  Lead,  p.  40.     Londftu,  1870.  "  J.  Roth,  op.  cit.,  p.  243. 
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in  volume  from  sulphide  to  carbonate  is  28.13  per  cent.  Such  changes  of 
weight  and  volume  might  account  for  the  prevailing  sandy  condition  of  the 
carbonate  ores.  It  may  be  assumed  that  they  were  once  comparatively  solid 
masses  of  galena,  and  during  these  transformations  occupied,  first  a  larger, 
then  a  smaller  space,  thus  leaving  interstices  between  the  minute  crystals 
of  cerussite  of  which  the  sand  carbonate  consists.  In  the  presence  of  phos- 
phoric acid  and  alkaline  chlorides,  sulphate  of  lead  may  be  transformed  into 
pyroiuorphite.  Sulphate  of  zinc  is  readily  transformed  into  carbonate,  and, 
as  a  further  stage  of  alteration,  finally  becomes  a  silicate. 

Sulphate  of  protoxide  of  iron  may  become  carbonate  in  the  presence 
of  earthy  carbonates.  Carbonate  of  protoxide  by  oxidation  and  hydration 
becomes  hydrated  sesquioxide  or  limonite,  which  on  loss  of  its  water 
becomes  hematite;  the  latter  in  contact  with  organic  matter  may  be  reduced 
to  the  protoxide  or  magnetite. 

The  sulphate  of  the  protoxide  may  by  oxidation  change  directly  to 
sulphate  of  sesquioxide  or  basic  ferric  sulphate,  which  in  turn  becomes 
limonite  and  hematite. 

The  fact  that  carbonate  of  iron  is  so  rarely  found  in  the  Leadville 
deposits  would  suggest  that  their  limonite  might  have  been  formed  in  the 
latter  way,  and  that  the  basic  ferric  sulphates,  of  which  analyses  are  given 
above,  may  have  been  formed  directly  from  the  sulphide. 

Agents  of  alteration.  —  The  alteration  having  taken  place  through  the 
agency  of  waters  coming  from  the  surface,  it  remains  to  consider  whence 
they  may  have  derived  the  substances  which  would  have  facilitated  the 
alteration  of  the  sulphide.  Surface  waters  in  general  are  said  to  carry  a 
certain  amount  of  atmospheric  oxygen,  of  organic  matter,  of  chloride  of 
sodium,  and  of  phosphoric  acid.  An  analysis  of  surface  water  at  Leadville, 
taken  from  the  reservoir  in  Big  Evans  gulch,  was  found  by  Mr.  Hillebrand 
to  contain,  in  a  million  parts,  K20=:l.  12,  Na,Oz=1.92,  S03z=7.20,  and 
Cl-1.141 

Of  the  rocks  through  which  they  may  have  passed,  out  of  eight  erup- 
tive rocks  analyzed,  six  were  found  to  contain  phosphoric  acid  and  five 

1  Tho  Delaware  River  at  Trenton  contains  1.20  and  twa  glacier  streams  in  the  high  Alps  au 
average  of  0.4  Cl  in  1,000,000  parts. 
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chlorine.  Traces  of  phosphoric  acid  were  found  in  both  of  the  limestones 
analyzed.  In  the  Lingula  shales,  which  directly  overlie  the  Blue  Lime- 
stone, 5.14  per  cent,  phosphoric  acid  was  found  in  the  portion  containing 
casts  of  Lingula  and  0.35  per  cent,  in  that  free  from  these  casts.  Chlorine 
was  found  in  each  of  the  sixteen  specimens  of  dolomitic  limestones,  from 
different  horizons  and  localities,  that  were  tested  for  that  substance.  Bro- 
mine and  traces  of  iodine  have  also  been  detected,  but  they  exist  here,  as 
in  sea-water,  in  far  smaller  proportions  than  chlorine  Organic  matter  is 
found  abundantly  in  most  of  the  rocks  of  the  Carboniferous  formations. 
The  specimen  of  Blue  Limestone  analyzed  gave  only  0.03  per  cent.,  but 
in  the  overlying  Weber  Grits  not  only  are  there  frequent  beds  of  carbona- 
ceous shales,  passing  at  times  into  actual  coal,  but  the  sandstones  sometimes 
contain  as  high  as  4  per  cent,  of  carbonaceous  matter. 

Relative  richness  of  galena  and  cerussite. The    greater    1'ichneSS    in    silver    of 

galena  over  cerussite  in  this  region  is  very  noteworthy.  Mr.  L.  D.  Rick- 
etts,1  who  made  a  detailed  study  of  the  ores  of  Carbonate  Hill,  states  that 
the  average  tenor  of  cerussite  in  that  locality  is  less  than  40  ounces  of  silver 
to  the  ton,  while  galena  averages  145  ounces  of  silver  to  the  ton.  He  also 
states  that  assays  of  five  galena  nodules,  and  of  the  carbonate  crusts  on 
each,  showed  that  in  proportion  to  the  amount  of  lead  present  there  was  six 
times  as  much  silver  in  the  galena  as  in  the  cerussite.  Table  XIV,  Appen- 
dix B,  which  gives  the  assays  of  various  specimens  of  ores,  vein  materials, 
and  adjoining  country  rocks  collected  during  the  investigation,  shows  a 
similar  relation  in  the  silver  contents  of  galena  (No.  15)  and  of  its  cerussite 
crust  (No.  16),  420  ounces  and  28. 6  ounces,  which  are  in  even  greater  con- 
trast than  in  the  cases  cited  above. 

The  fact  that  silver  is  found  disseminated  throughout  the  vein  mate- 
rials and  adjoining  country  rocks,  even  where  little  or  no  lead  is  found, 
shows  that  during  secondary  alteration  silver  has  been  further  removed  from 
its  original  locus  'and  more  widely  disseminated  than  lead.  In  fact,  it  may 
be  assumed  that  the  outlines  of  the  present  bodies  of  lead  ore  vary  but 
little  from  those  of  the  original  deposits,  but  it  would  hardly  be  safe  to 
make  such  an  assumption  in  regard  to  silver  ores.  It  is  apparent  that  this 

'Ores  of  Leadvillo,  p.  87.    Priuceton,  1883. 
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relative  distribution  of  the  two  metals  was  brought  about  by  surface  waters, 
and  is  therefore  dependent  on  the  relative  solubility  of  the  combinations  of 
the  respective  metals  formed  during  alteration. 

Silver  sulphate  is  probably  more  soluble  than  either  the  sulphate  or  the 
carbonate  of  lead,  but,  as  it  is  not  known  to  occur  as  a  mineral,  it  cannot 
be  assumed  that  silver  necessarily  passed  through  sulphate  during  its  change 
from  sulphide  to  chloride. 

The  chloride  of  silver  is  said  to  be  insoluble  in  pure  water  at  ordinary 
temperatures,  but  Vogel1  and  Hahn2  have  shown  it  to  be  soluble  to  a  cer- 
tain extent  in  the  alkaline  chlorides.  According  to  Stas,3  it  is,  in  a  measure, 
soluble  in  pure  cold  water,  its  solubility  varying  according  to  its  physical 
condition  and  the  temperature.  Its  solubility  is  greatest  when  in  the  flaky 
state,  as  precipitated  in  the  cold  from  a  sufficiently  dilute  solution  of  silver, 
and  diminishes  as  the  flakes  shrink.  It  is  precipitated  from  the  solution  by 
the  addition  of  an  alkaline  chloride.  Still  further  evidence  of  its  solubility 
is  afforded  by  the  occurrence  of  the  mineral  Huantajayit,  discovered  by  Rai- 
mondi  in  Peru,4  which  consists  of  11  per  cent.  Ag  Cl  and  89  per  cent. 
NaCl.  According  to  Sandberger,  this  is  readily  soluble  in  a  little  water,  but 
an  excess  of  water  produces  a  precipitation  of  the  chloride  of  silver.  It  may 
therefore  be  assumed  that  chloride  of  silver  is  soluble  in  surface  waters 
under  certain  conditions,  but  is  veiy  readily  precipitated  from  its  solution. 

Although  the  statements  given  above  as  to  the  relative  solubilities  of  lead 
and  silver  salts  are  not  so  definite  as  might  be  wished,  the  fact  of  the  rela- 
tively greater  richness  of  galena  over  cerussite  in  these  deposits  seems  so  well 
established  as  to  justify  inverse  reasoning,  namely,  the  deduction  of  an 
argument  in  favor  of  the  greater  insolubility  of  the  lead  salts.  It  might  be 
assumed  from  Stas's  experiments  that  freshly-formed  chloride  of  silver 
(flaky)  would  be  more  soluble  than  carbonate  of  lead,  but  that  after  the 
lapse  of  sufficient  time  the  latter  might  become  more  soluble  than  the  chlo- 
ride of  silver,  especially  in  water  charged  with  carbonic  acid. 

Outcrop  deposits  richer  than  those  in  depth. — There  is  a  fair  foundation  for  the 
generalization  that  in  the  deposits,  as  developed  at  the  time  of  this  investi- 
gation, the  ores  were  growing  poorer  in  silver  as  exploration  extended  far- 

1  Wagner's  Jahree-Ber.  1874,  22,  p.  481.  3  Coinpt.-rend.,  1870-73,  p.  998. 

2 Trans.  A.  I.  M.  E.,  1873-74,  p.  99.  «Neues  Jahrb.  f.  Mineralogie,  1874,  p.  174. 
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ther  from  the  surface.  In  the  case  of  the  Iron  mine  the  statement  to  this 
effect  by  those  in  charge  of  the  mine  was  siipported  by  actual  figures ;  in 
other  cases  it  was  an  opinion  founded  on  general  observation,  which  was 
still  worthy  of  credence.  Whether  it  will  continue  when  the  unoxidized 
deposits  are  reached  remains  to  be  proved. 

A  ready  explanation  for  this  condition  of  things  may  also  be  found  in 
the  relative  solubility  of  the  products  of  alteration  and  in  the  fact  that  the 
deposits  near  the  present  surface  may  be  considered  to  be  simply  the  relics 
of  larger  deposits,  gradually  removed  by  erosion  as  the  alteration  by  sur- 
face waters  went  on.  The  original  deposits  may  be  assumed  to  have  been 
a  mixture  of  galena,  pyrite,  and  blende  in  proportions  which,  while  subject 
to  a  wide  local  variation,  would  bear  a  certain  average  relation  throughout 
the  region.  Given  a  ton  of  this  mixture,  by  the  alterations  which  have  been 
above  noted  it  would  probably  decrease  in  weight,  though  its  volume  might 
remain  sensibly  the  same ;  zinc  and  iron  would  be  removed  as  soluble  sul- 
phates, the  former  in  greater  part,  the  latter  in  very  appreciable  amount, 
and  their  volume  would  be  replaced  in  part  by  the  increase  in  volume  of 
the  lead  during  its  transformation  into  carbonate,  in  part  also  by  silica  and 
earthy  bases  brought  in  mechanically  by  the  waters.  Although  silver  salts 
have  been  assumed  above  to  be,  in  this  case,  more  soluble  than  those  of 
lead,  they  are  much  less  so  than  those  of  iron  and  zinc,  and  a  relatively 
small  proportion  of  the  silver  would  have  been  removed  from  the  given 
ton  of  ore.  The  space  formerly  occupied  by  this  ton  of  ore  would,  therefore, 
be  occupied  by  oxidized  material  weighing  much  less  than  the  original 
ton,  but  which  would  contain,  in  proportion  to  that  weight,  more  lead  and 
silver  and  less  zinc  and  iron.  In  accordance  with  this  explanation,  the  pro- 
portion of  lead  to  the  ton  of  ore  should  also  decrease  in  depth  as  a  general 
average  of  the  district. 

Again,  as  by  gradual  erosion  the  deposits — say,  for  instance,  those  in 
the  easterly-dipping  beds  of  Carbonate  and  Iron  Hills — approached  the  sur- 
face, actual  surface  waters  running  down  along  the  dip  would  meet  bodies 
composed  mainly  of  carbonate  of  lead  and  chloride  of  silver.  If  carbonate 
of  lead  is  soluble  in  water  containing  free  carbonic  acid,  the  portion  thus 
dissolved  would  be  carried  away  entirely,  for  in  their  continued  passage 
through  limestone  it  may  be  assumed  that  the  waters  would  preserve  their 
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excess  of  carbonic  acid.  The  chloride  of  silver,  on  the  other  hand,  might 
be  assumed  to  have  become  insoluble  in  the  long  time  that  had  elapsed 
since  ft  was  formed ;  or,  if  any  were  taken  up,  it  would  probably  be  thrown 
down  again  in  a  short  distance  by  a  slight  change  in  the  character  of  the 
descending  solutions.  Thus  a  gradual  increase  in  the  proportions  of  silver 
over  lead  would  be  taking  place  in  the  zone  which  was  being  brought  by 
the  erosion  of  overlying  rocks  nearer  and  nearer  to  the  surface.1 

COMPOSITION    OF   VEIN   MATERIALS. 

In  the  remaining  vein  materials,  which  constitute  the  relatively  value- 
less portion  of  the  deposits,  iron  and  manganese,  generally  in  the  form 
of  hydrated  oxides,  are  the  most  prevalent  metals.  Carbonate  of  iron  is 
very  rarely  found,  and  pyrite  never  among  the  oxidized  ores.  The  com- 
parative absence  of  zinc  has  already  been  remarked,  yet  this  metal  is  quite 
uniformly  detected  in  the  products  of  smelting.  Arsenic  and  antimony  are 

1  In  a  paper  read  at  the  Chattanooga  meeting  of  the  American  Institute  of  Mining  Engineers  in 
May,  1885,  by  Mr.  F.  T.  Frceland,  superintendent  of  the  Iron  Silver  Mining  Company,  the  following 
analyses  are  given  of  sulphide  ore  from  the  Minnie  mine,  situated  on  the  southeast  s'.ope  of  Iron  Hill, 
adjoining  the  Colonel  Sellers,  made  by  William  R.  Boggs,  jr.  They  arc  interesting  as  showing  the  rel- 
.ative  distribution  of  silver  in  the  different  components  of  the  unoxidized  ore: 


I. 

n. 

III. 

IV. 

Galena. 

Blende. 

Pyrite. 

Mixture. 

Pb  

72.65 

6.71 

2.21 

50.86 

Zn 

5  66 

55  08 

14.24 

12.86 

Fe 

1  60 

4.00 

35  40 

9  30 

s  

15.66 

32.44 

44.76 

24.50 

(41.  5) 

id  i  () 

(4.5) 

(11.5) 

Ag  (per  cent;  
An    .. 

M.  H 

0.324 
Trace 

0.014 

0.039 

Residue        

4.12 

0.92 

2.70 

1.88 

Total 

99.63 

99.474 

99.324 

99.  439 

His  mixture,  calculated  from  the  relative  amounts  of  PI),  Zn,  and  Fc,  in  column  IV,  would  con- 
sist of  a  little  less  than  three  parts  of  galena  to  one  each  of  pyrite  and  blende.  The  tenor  of  silver 
given  for  this  mixture  is,  however,  only  a  little  over  a  quarter  of  what  would  result  from  a  mixture  in 
these  proportions  of  these  three  minerals,  each  having  the  tenor  in  silver  given  in  its  separate  column. 
It  seems  doubtful,  therefore,  if  these  separate  values  can  be  taken  as  a  fair  representation  of  the  aver- 
age tenor  of  the  different  sulphides  in  the  ore.  That  given  for  zinc  blende  is  evidently  abnormally  high, 
as  may  be  seen  on  comparison  with  the  pyrite  column.  This  pyrite  contains  an  admixture  of  about 
one-fifth  of  its  weight  in  zinc  blende,  and  if  this  zinc  blende  ran  as  high  in  silver  as  that  given  in  column 
II,  this  fifth  alone  would  yield  nearly  20  ounces  of  silver,  whereas  the  whole  mass  is  said  to  contain  only 
4^  ounces.  The  silver  tenor  of  the  galena,  on  the  other  hand,  represents  a  fair  average  of  the  galenas 
found  in  the  older  mines,  though  these,  as  is  shown  by  the  assays  in  Appendix  B,  vary  very  much  and 
may  contain  over  ten  times  as  much  silver  as  this. 


COMPOSITION  OF  VEIN  MATERIALS. 


557 


only  accessory  constituents  in  either  ore  or  vein  material.  The  composi- 
tion of  some  of  the  typical  forms  of  vein  material,  taken  from  Table  X, 
Appendix  B,  is  given  below. 

Vein  materials. 


No. 

Name. 

Locality. 

Insoluble. 

FeSj 

Fe»Oj 

MnO. 

ZnO 

CaO 

MgO 

COj 

and 

Ae 

Au 

Total. 

ignition. 

1 

"Hard 

C  ar- 

Scooper 

80.00 

13.91 

0.  10 

5.978  A  r1<>  i*""*"* 

100  00 

bonat«." 

mine. 

2 

Silicious  hem- 

Chrysolite 

8.20 

54.14 

22  3fl 

2.56 

12  709 

0.  031 

Xone 

i  nn  nn 

atite. 

mine. 

1UU.  UU 

3 

"Iron  ore"  .  .. 

Ken  o  s  ha 

21.10 

7.70 

65.98 

1.00 

4.  22 

0.  012 

„ 

100  00 

mine. 

4 

Pyrite 

il  n- 

f    7.36 

53.61 

34.44 

Trace 

clens. 

i 

5 

Dark  interme- 

No Name 

16.36 



73.42    

0.09 

•Trace 

10.13 

diate  zone. 

gulch. 

i 

6 

Light   o 

uter 

>    54.28 

39.84 

0.  06 

•Trace 

5.  82 

zone. 

I 

7) 

Altered 

light 

1  Garden 

|>>10.  08 

0.81 

0.39 

27.17 

19.49 

42.78 

100.72 

lime- 

City 

stone 

mine. 

8< 

dark 

'20.  02 

0.97 

1.56 

24.15 

16.71 

37.37 

ion.  7ft 

9     Chert  nodule  .    El   Paso 

»96.3 

3.06  per  cent,  soluble  in  solution  of  potassium  hydrate,  remainder  chiefly 

mine. 

FejOa  and  AlzOa. 

10 

Chert    under 

LittlePitts-     W.  9 

ore  boily.            burgh 

mine. 

11 

Granular     Waterloo 

'81.  29 

3.93  per  cent,  soluble  in  solution  of  potassium  hydrate,  remainder  chiefly 

quartz  un- 

mine. 

Pb,  COs,  and  FejOs. 

dei  ore  body. 

\ 

12 

Porphyry 

Evening 

'84.2 

Cement  chiefly  pyromorphite,  with  somecerussite  and  galena  and  a  little  calcite. 

breccia, 

Star  mine. 

with  ore  ce- 

ment. 

•80s 


"SiOz 


No.  1  is  a  cavernous  red  rock,  with  slightly  greasy  luster,  which,  though 
containing  only  a  trace  of  lead  carbonate  and  too  little  silver  to  pay  for 
working,  is  yet  classed  as  "hard  carbonate"  from  its  outward  appearance, 
this  miner's  term  being  quite  elastic  in  its  application.  It  is  mainly  silica, 
combined  perhaps  in  part  with  oxide  of  iron.  Rock  from  this  same  mine, 
of  quite  similar  appearance,  but  with  a  few  delicate  crystals  of  cerussite 
and  horn  silver  lining  the  cavities,  constitutes  a  very  rich  ore. 

No.  2  is  a  dark-colored  "iron  ore,"  intermediate  between  the  black 
iron  and  the  jaspery  iron  of  the  Fryer  Hill  mines.  It  contains  a  rather 
unusual  percentage  of  zinc,  and  its  silica  contents  are  much  lower  than 
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its  outward  appearance  would  indicate.  Both  contain  a  little  antimony, 
and  the  former  a  little  PbO,  which  were  not  determined  quantitatively. 
Both  contain  also  a  small  percentage  of  silver,  but  not  enough  to  constitute 
pay  ore. 

No.  3,  though  classed  as  an  iron  ore  by  the  miner,  is  more  properly  an 
ore  of  manganese. 

Nos.  4,  5,  and  6  are  given  to  illustrate  the  different  stages  in  the  alter- 
ation of  pyrite,  which  would  lead  to  the  above  vein  materials.  The  speci- 
men was  obtained  at  some  distance  from  Leadville,  it  not  being  possible  to 
find  any  pyrite  in  the  mines  themselves;  it  occurs,  however,  at  the  Blue 
Limestone  horizon  and  in  analogous  conditions  to  the  Leadville  ores,  except 
that  no  rich  silver-lead  ores  had  yet  been  found  at  the  locality.  No.  4  is 
the  comparatively  unaltered  pyrite  nucleus;  No.  5,  the  inner  zone  of  alter- 
ation; and  No.  6,  the  lighter- colored  outer  zone.  Only  traces  of  sulphuric 
acid  are  found  in  either.  The  percentage  of  metallic  iron  has  slightly  in- 
creased from  No.  4  to  No.  5,  as  has  that  of  insoluble  matter;  sulphur  alone 
has,  therefore,  been  removed,  probably  as  sulphate  of  lime.  From  No.  5 
to  No.  6  iron  has  disappeared  rapidly  and  been  replaced  by  insoluble  mate- 
rial; it  has  presumably  been  carried  away  largely  as  hydrated  oxide,  which 
is  probably  commencing  to  replace  the  carbonates  of  lime  and  magnesia  in 
the  adjoining  rock.  The  rapid  increase  in  insoluble  matter  could  not,  it 
would  seem,  be  entirely  original  matter,  but  must  in  part  have  been  brought 
in  by  the  decomposing  waters.  The  conditions  here  may  be  contrasted 
with  those  which  probably  existed  where  the  basic  ferric  sulphates  above 
described  were  formed.  In  the  latter  case  the  decomposition  probably  took 
place  within  the  mass  of  a  large  body  of  metallic  sulphides;  here  it  was  a 
small  amount  of  sulphide  in  direct  contact  with  the  country  rock,  and  free 
oxygen  would  have  been  present  in  relatively  greater  proportion,  so  that 
the  sulphide  would  have  been  more  readily  decomposed  by  the  oxidation  of 
the  iron. 

.  Nos.  7  and  8  represent  the  early  action  of  Welters  coming  from  such  a 
decomposition  upon  the  country  rock,  in  this  case  a  fragment  of  Blue  Lime- 
stone found  on  the  south  slope  of  Iron  Hill,  near  the  fault.  No.  7  is  the 
lighter  portion,  No.  8  the  darker,  in  which  the  replacement  has  apparently 
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proceeded  much  farther.  In  the  latter  the  oxides  of  iron  and  manganese 
have  increased  only  slightly  in  amount,  and  the  decrease  in  carbonates  is 
mainly  supplied  by  the  increase  in  silica,  an  increase  which,  as  in  the 
former  case,  must  be  mainly  accounted  for  as  coming  from  an  extraneous 
source;  it  was  probably  taken  up  by  the  waters  in  their  passage  through 
the  porphyry. 

Nos.  9,  10,  and  11  represent  the  most  silicious  forms  of  vein  material, 
comparatively  free  from  bases.  Nos.  9  and  10  are  the  black  cherts  so  com- 
mon in  the  ore  bodies,  and  11  the  granular  quartz  which  frequently  re- 
places it,  especially  on  Carbonate  Hill.  In  each  the  silica  is  still  partly 
soluble  in  a  moderately  strong  solution  of  potash.  Besides  silica  the  two 
former  contain  iron  and  alumina  and  probably  a  little  organic  coloring 
matter.  These  cherts  are  thoroughly  compact  and  generally  form  barren 
streaks  or  floors  in  the  ore  bodies;  sometimes,  however,  chloride  of  silver 
is  found  coating  their  cleavage  surfaces.  The  granular  quartz,  on  the  other- 
hand,  which  is  very  porous,  frequently  contains  crystalline  cerussite  partly 
filling  the  minute  cavities  and  then  constitutes  an  ore,  though,  as  in  the 
present  case,  it  is  liable  to  be  mistaken  in  the  hand  specimen  for  a  white 
quartzite. 

No.  12  is  the  breccia  of  White  Porphyry  in  the  small  ore-body  which 
was  found  above  the  Blue  Limestone  horizon,  just  west  of  the  small  dike 
in  the  Evening  Star  ground.  The  percentage  of  silica  is  above  the  normal, 
showing  that  the  ore-bearing  waters  have  removed  a  portion  of  the  bases. 
In  the  cementing  material  galena  is  altered  partly  to  pyromorphite,  partly 
to  cerussite,  and  the  calcite  may  indicate  that  the  ore-bearing  solutions 
reached  here  after  passing  along  the  limestone  contact  or  may  simply  result 
from  the  decomposition  of  the  porphyry. 

The  assays  of  vein  material  and  limestones  in  Table  XIV,  Appendix  B,. 
show  that  all  the  specimens  tested  carry  silver  in  appreciable  amounts,  though 
in  the  case  of  limestones  which  were  gathered  in  the  various  mines,  and  in 
that  of  the  Breece  Iron  ore,  the  tenor  in  silver  is  much  less  than  is  generally 
credited  to  those  used  as  flux  by  the  smelters.  They  are  such  amounts  as 
might  be  expected  to  have  been  carried  into  them  by  the  surface  water* 
after  leaving  the  ore  bodies. 
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Kaolin  and  Chinese  talc. — These  names  are  given  in  the  mines  to  certain 
substances,  evidently  alteration  products  of  porphyry,  occurring  with  great 
persistency  along  the  contact  of  limestone  and  porphyry,  where  they  some- 
times form  the  only  vein  material,  and  also  within  the  ore  bodies,  some- 
times at  quite  a  distance  from  the  contact.  In  the  latter  case  they  probably 
result  in  most  cases  from  small  offshoots  of  the  porphyry,  such  as  have  been 
mentioned  as  occurring  in  the  Little  Pittsburgh  mine,  and,  as  are  shown 
in  Fig.  1,  Plate  XXII,  penetrating  the  as  yet  unaltered  limestone.  The 
characteristic  Chinese  talc  is  compact,  with  conchoidal  fracture,  somewhat 
translucent,  with  a  sort  of  opalescent  luster,  and  is  easily  cut  by  the  finger- 
nail when  fresh,  but  becomes  opaque  and  hardens  on  exposure  to  the  air. 
White  when  pure,  it  is  generally  more  or  less  discolored  and  veined  by 
oxides  of  iron  and  manganese.  The  miners  often  carve  it  into  pipes  and 
figures.  The  so-called  kaolin  is  white,  opaque,  and  generally  plastic,  but 
also  hardens  on  exposure.  No  true  kaolin  was  found  among  the  specimens 
collected.  In  the  following  table,  I  and  II  would  be  considered  kaolins, 
and  III,  IV,  and  V,  Chinese  talcs.  VI,  VII,  and  VIII  are  specimens  from 
the  Lower  Waterloo  mine,  contributed  by  Mr.  L.  D.  Ricketts ;  in  spite  of 
their  different  composition,  they  are  not  to  be  distinguished  in  the  hand 
specimen  from  the  Chinese  talcs. 


Kanlin  and  Chinese  talc. 


Mine.                 «i(h 

AliOi  Fe>Oi    Ft-0 

ZnO 

CaO 

MgO 

KO 

N  :..'  >     HlO 

SOi 

PiO« 

Totals. 

I. 
II. 
III. 

IV. 
V. 
VI. 
VII. 
VIII. 

Amie  :48.72 

34.  01     0.  56     0.  66 

37  7* 

1.11 
0.30 
Trace 
0.30 
1.14 
0.71 
0.80 
0.71 

9.  88     0.  67 
Trace  Trace 
2.  73     5.  28 
2.72     1.30 
2.  83      1.  50 

4.42 
17.95 
15.05 
16.67 
16.51 
19.00 
17  40 

100.03 
99.91 
100.  02 
101.15 
100.00 
100.  15 
100.31 
100.10 

New  Discovery  43.  66 
Big  Pittsburgh  4.  55 
Morning  Star    24.47 

0.22 
Trace 
0.23 
0.53 
1.62 
1.87 
0.63 

Trace 
34.55 
15.48 
15.75 

0.23 

35.60  (  2.20 
38.  05     0.  93 
33.79    

0.77 



Swamp  Angel  J7.  MI 
Lower  Waterloo  '35.  33 
....do  135.97 
do  37.54 

10  38 

33.05 
35.40 
18.43 

8.81    

24.  76     0.  64 



0.66 

0.36 

10.37 

The  compositions  given  above  show  that  these  substances  are  mixtures 
of  hydrated  silicates  of  alumina,  with  more  or  less  sulphate  of  alumina, 
which,  in  the  case  o  f  the  last  three,  is  replaced  by  silicate  of  zinc.  As  is 
generally  the  case  with  such  alteration  products,  it  is  difficult  to  consider 
them  distinct  minerals.  The  occurrence  of  zinc  in  the  last  three  is  some- 
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what  unexpected.  Of  the  others,  III  is  perhaps  the  most  abnormal.  In  the 
mine  it  was  a  pure  white,  extremely  plastic  mass,  which  could  be  molded 
like  plaster  or  potter's  clay,  and  became  quite  hard  on  exposure  to  the  air. 
Sulphuric  acid  is  a  very  common  constituent  of  these  substances,  having 
been  found  qualitatively  in  each  one  of  five  other  specimens  taken  from 
•widely  separated  parts  of  the  district.  Where  the  substance  occurs  in  the 
immediate  vicinity  of  an  ore  body  this  acid  may  be  readily  conceived  to 
have  come  from  the  oxidation  of  the  metallic  sulphides ;  but  in  the  case 
of  those  occurring  on  barren  contacts,  far  away  from  any  known  body  of 
metallic  minerals,  as  is  the  case  with  V,  it  would  seem  that  their  formation 
might  date  back  to  the  passage  of  the  sulphurous  waters  which  brought  in 
the  original  ore  deposits. 

Lime  and  magnesia  salts. — Although  lime  and  magnesia  are  found  in  small 
quantities  in  both  ores  and  gangue  materials,  it  is  rath:?r  remarkable,  when 
one  reflects  that  the  country  rock  is  a  dolomitic  limestone,  that  their  minerals 
are  so  uncommon.  Calcite  occurs  as  incrustation  on  crevices  and  lining 
cavities  or  druses  in  the  iron,  but  never  in  any  large  amount.  Gypsum  is 
rarely  found,  although  it  seems  evident  that  it  must  have  been  one  of  the 
most  important  products  of  alteration.  It  must  therefore  be  assumed  that, 
owing  to  its  ready  solubility,  it  has  been  entirely  carried  away. 

Barite. —  Barite,  or  heavy  spar,  is  a  not  uncommon  constituent  of  the 
gangue,  but  it  is  very  irregularly  distributed.  It  generally  occurs  in  aggre- 
gations of  tabular  crystals,  frequently  concentrated  in  considerable  masses, 
and  more  or  less  stained  by  iron  oxide.  Chloride  of  silver  is  generally 
found  associated  with  it.  This  association  of  barite  and  chloride  of  silver 
is  noteworthy.  Among  the  miners  the  presence  of  the  former  mineral  is 
considered  a  sure  indication  of  rich  chloride  ore.  In  this  connection  it  is 
interesting  to  recall  Miller's  experiments,  mentioned  by  Sandberger,1  show- 
ing that  sulphide  of  barium  dissolves  pyrargyrite,  or  ruby  silver,  without 
decomposition.  The  frequent  presence  of  antimony  in  the  ores  and  vein 
materials  renders  it  probable  that  a  part  of  the  silver  may  have  originally 
existed  as  ruby  silver.  Moreover,  although  there  are  no  experimental  proofs, 
it  is  probable  that  waters  containing  sulphide  of  barium  would  dissolve  the 

1  Neues  Jalirbuch  fur  Miuerulogie,  1869,  p.  309. 
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sulphide,  or  sulpho-salts,  of  silver  under  the  conditions  of  time  and  supply 
which  probably  prevailed  during  the  process  of  decomposition  of  the  orig- 
inal ore  deposits.  From  such  a  solution  the  chlorine  in  the  limestone  might 
have  precipitated  the  silver  at  the  same  time  that  the  sulphide  of  barium 
was  transformed  into  sulphate. 

Manganese. — Another  empirical  generalization  of  the  miners  in  this  region 
is  that,  where  a  large  amount  of  manganese  is  found  in  the  iron  vein  mate- 
rial, rich  chloride  deposits  are  likely  to  be  found  in  the  immediate  vicinity. 
It  is  worthy  of  note  in  this  connection  that  barium  is  a  most  frequent  con- 
stituent of  manganese  ores.  The  fact  that  the  oxides  of  manganese  when 
treated  by  hydrochloric  acid  evolve  chlorine  is  also  suggestive.  If  it  is 
assumed  that  silver  in  its  passage  from  sulphide  to  chloride  passes  through 
sulphate,  and  that  hydrochloric  acid  was  formed  in  the  surface  waters,  say, 
by  the  action  of  sulphuric  acid  formed  in  some  of  the  reactions  that  may 
have  taken  place,  the  presence  of  manganese  oxide  would  favor  the  libera- 
tion of  chlorine,  which,  in  turn,  would  form  chloride  of  silver  from  the  sul- 
phate when  the  latter  came  in  contact  with  carbonate  of  lime,  and  the  lime 
be  earned  away  as  sulphate. 

OBES   DEPOSITED  AS   SULPHIDES. 

That  the  ores  were  originally  deposited  as  sulphides  would  legitimately 
be  assumed,  from  the  almost  universal  observation  in  nature  that  such  oxid- 
ized ores  pass  into  sulphides  in  depth.  So  generally  is  this  accepted  as  a 
rule  in  ore  deposits  that  it  would  require  special  demonstration  to  prove 
beyond  a  doubt  that  the  native  metals  or  their  oxides  and  chlorides  (except 
perhaps  gold,  tin,  and  the  platinum  group  of  metals)  are  in  any  particular 
case  original,  and  not  the  result  of  secondary  alteration  from  sulphides. 
Analogy  with  the  deposits  in  the  neighboring  Ten-Mile  district  affords  more 
direct  evidence  in  favor  of  this  assumption.  Moreover,  since  the  comple- 
tion of  the  field  work  of  this  investigation,  explorations  on  the  dip  in  Car- 
bonate and  Iron  Hill  have  proved  that  the  oxidized  ores  actually  do  pass 
into  sulphides.  As  yet  no  systematic  description  of  these  sulphide  deposits 
has  been  published  from  which  it  may  be  learned  whether  the  metals  exist 
exclusively  as  sulphides,  but  in  the  absence  of  any  statement  to  the  con- 
trary it  seems  fair  to  assume  that  such  is  the  case. 
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It  remains,  then,  to  consider  the  possible  reactions  which  may  have 
brought  about  the  deposition  of  ores  under  the  circumstances  and  in  the 
manner  assumed  above;  and  in  considering  these  it  must  be  borne  in  mind 
that  it  is  not  possible  to  reproduce  in  the  laboratory  all  the  conditions  that 
may  have  prevailed  at  the  depths  within  the  earth's  crust  at  which  these 
deposits  were  formed,  and  that  therefore  reactions  may  have  taken  place 
and  combinations  may  have  been  formed  under  these  conditions  which, 
from  laboratory  experience  alone,  might  not  be  deemed  possible. 

The  sulphides  of  the  heavy  metals  may  be  precipitated,  according  to 
Roth,1  from  various  solutions:  first,  where  they  exist  as  sulphides,  by  sul- 
phides of  the  alkalies  and  alkaline  earths;  second,  where  they  exist  as  carbon- 
ates and  sulphates,  when  they  come  in  contact  with  solutions  containing 
the  alkalies  and  alkaline  earths  or  sulphureted  hydrogen;  third,  where  they 
exist  as  sulphates,  which  in  contact  with  organic  matter  are  reduced  to 
sulphides.  The  metallic  sulphides  are  soluble  in  waters  containing  alka- 
line sulphides  or  sulphureted  hydrogen,  and  silica  and  the  earthy  bases  in 
water  containing  alkaline  carbonates.  Solfataric  waters  (that  is,  hot  waters 
charged  with  mineral  matter  arising  from  some  unknown  source  below)  are 
known  to  contain  sulphureted  hydrogen  and  the  alkaline  sulphides  and 
carbonates.  On  the  supposition  that  the  metals  of  these  deposits  came  up 
from  the  unknown  source  below  or  were  derived  from  pyrite  and  galena 
in  neighboring  rocks,  it  might  be  assumed  that  the  iron  and  lead  at  least 
were  actually  brought  in  as  sulphides ;  in  this  case,  however,  it  is  somewhat 
difficult  to  conceive  the  reaction  by  which  the  sulphides  should  replace  the 
cabonates  of  lime  and  magnesia,  a:id,  so  far  as  laboratory  experience 
teaches,  it  would  seem  necessary  that  the  carbonates  should  have  already 
been  dissolved  out  and  carried  away  before  the  sulphides  were  deposited. 
This  apparently  involves  the  pre-existing  cavity  theory.  It  is,  however, 
conceivable  that  the  dissolving  out  of  the  former  so  immediately  preceded 
the  deposition  of  the  latter  that  the  process  was  practically  an  interchange 
of  substance  for  substance,  or  the  commencement  of  a  change  from  sul- 
phide to  sulphate  may  have  taken  place  in  presence  of  the  carbonate,  and 

1  Allgemeine  Geologie,  p.  563. 
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the  sulphate  have  been  immediately  reduced  to  sulphide  again  by  organic 
matter  or  other  reducing  agency.1 

That  the  direct  replacement  of  the  dolomite  by  sulphides  is  not  impos- 
sible, however,  seems  proved  by  the  fact  that  galena,  zinc  blende,  and 
pyrite  are  found  in  nature  as  pseudomorphs  after  calc  spar,2  and  the  last  two, 
also,  as  pseudomorphs  after  dolomite.3  The  sulphates  of  the  metals  are  more 
or  less  soluble  in  water,  especially  when  it  contains  some  free  sulphuric 
acid.  Their  reduction  to  sulphide  through  the  agency  of  organic  matter 
is  a  matter  of  common  observation. 

The  reactions  by  which  the  Leadville  deposits  might  have  been  made 
from  solutions  carrying  the  metals  as  sulphates  are  more  readily  conceiv- 
able. In  contact  with  dolomite  containing  organic  matter  the  sulphates 
would  be  reduced  to  sulphides  with  the  formation  of  carbonic  acid.  The 
waters  thus  charged  with  an  excess  of  carbonic  acid  would  dissolve  and 
remove  the  carbonates  of  lime  and  magnesia,  which  would  be  replaced  by 
the  metallic  sulphides.  Any  excess  of  sulphuric  acid  would  form  soluble 
sulphates  of  lime  and  magnesia,  which  would  also  be  carried  away.  If 
these  sulphates  were  reduced  to  sulphides  they  would  render  the  waters 
more  capable  of  dissolving  out  the  dolomite. 

The  metals  might  have  been  taken  up  in  the  form  of  sulphates  by  waters 
percolating  through  rocks,  where  they  might  have  been  brought  into  this 
combination  by  the  oxidation  of  sulphides  or  by  the  decomposition  of  sili- 
cates. It  might  also  be  conceived  that  during  their  passage  these  sulphates 
would  be  reduced  to  sulphides  by  contact  with  organic  matter  before  they 
reached  the  locus  of  the  deposit. 

The  most  important  objection  to  the  hypothesis  that  the  metals  were 
brought  in  as  sulphates  is  that  the  lead  sulphate  is  so  insoluble  compared 
with  that  of  iron  or  zinc;  and  yet  the  amount  of  galena  in  the  ores  was 
probably  greater  than  that  of  zinc  blende. 

Sulphide  of  barium  would  be  precipitated  as  sulphate  of  baryta  in  con- 
tact with  the  limestones,  owing  to  its  relatively  greater  insolubility  than  the 
sulphates  of  lime  and  magnesia. 

1J.  Roth,  Allg.  Geologic,  p.  235.  SJ.  Eoth,  op.  cit.,  p.  171.  3  J.  Hoth,  op.  cit.,  p.  184. 
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« 

Silica,  when  brought  in  by  waters  containing  alkaline  carbonates,  in 
which  it  is  notably  soluble,  might  form  silicates  of  the  alkalies,  the  carbonic 
acid  of  the  latter  serving,  as  suggested  in  the  case  of  sulphides,  to  render 
the  waters  capable  of  carrying  away  the  earthy  carbonates.  Later  the  com- 
bined alkalies  might  be  in  part  replaced  by  other  bases,  such  as  oxide  of 
iron,  and  in  part  actually  dissolved  out,  leaving  free  silica. 

MODE    OF    FORMATION. 

It  has  been  assumed  that  the  ores  of  this  region  were  originally 
deposited,  first,  from  aqueous  solutions;  secondly,  by  a  metasomatic  inter- 
change1 with  the  country  rock;  and  thirdly,  in  the  form  of  sulphides.  Direct 
evidences  of  processes  which  went  on  in  former  geological  epochs  at  great 
depths  below  the  surface  are  necessarily  difficult  to  obtain,  especially  where, 
as  in  the  present  case,  the  field  of  observation  was  confined  to  material 
which  has  been  more  or  less  altered  since  those  processes  had  ceased.  It 
is  therefore  necessary  in  the  commencement  to  assume  the  more  probable 
among  possible  processes,  and  then  to  see  to  what  extent  the  assumed  pro- 
cess may  be  reconciled  with  observed  facts. 

The  agencies  by  which  mineral  matter  may  be  carried  from  one  place 
to  another  within  the  earth's  crust  are  heat  and  water,  or  a  combination  of 
the  two.  It  was  only  in  the  very  infancy  of  geology  that  heat  alone  was 
seriously  admitted  to  be  a  possible  agent  for  the  formation  of  mineral 
deposits  in  depth.  The  nature  of  such  deposits  was  soon  found  to  be  such 
as  to  preclude  the  possibility  that  they  might  have  resulted  from  the  con- 
solidation of  a  fused  mass.  Sublimation,  on  the  other  hand,  as  a  means  of 
forming  such  mineral  masses,  involves  a  combination  of  heat,  pressure,  and 
water,  and  may  therefore  in  one  sense  be  considered  to  be  a  form  of  aqueous 
solution.  Its  practical  demonstration,  however,  is  confined  to  laboratory 
experiments,  which  can  at  best  be  but  an  imperfect  imitation  of  the  process 
of  nature.  The  removal  of  the  materials  of  which  ore  deposits  are  formed  by 
the  agency  of  water  alone  may  be  observed  to  be  going  on  in  nature  at  the 
present  day.  Hence  this  agency,  to  which,  under  the  comparatively  un- 

'By  metasomatic  interebange  is  meaiit  an  interchange  of  substance,  without  necessarily  involv- 
ing, as  does  pseudomorphism,  the  preservation  of  the  original  form  of  the  substance  replaced  or  even 
of  its  original  volume. 
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known  conditions  which  prevailed  where  deeper-seated  deposits  were  formed, 
a  certain  amount  of  heat  may  have  been  added,  is  the  one  adopted  by  the 
majority  of  students  of  vein  phenomena  to  account  for  the  removal  of  the 
vein  materials  from  place  to  place  within  that  portion  of  the  earth's  crust 
that  comes  under  our  observation. 

That  it  was  from  aqueous  solutions  that  the  Leadville  vein  materials 
were  deposited  is  a  necessary  corollary  of  the  assumption  that  the  deposi- 
tion took  place  as  a  rnetasornatic  interchange  between  them  and  the  country 
rocks,  since  the  various  materials  of  which  they  consist  could  have  been 
brought  in  and  the  dolomite  and  other  rock  substances  have  been  removed 
only  by  the  agency  of  water.  A  further  necessary  corollary  of  the  meta- 
somatic  interchange  is  that  the  ores  were  not  deposited  in  pre-existing 
cavities,  as  is  generally  assumed  to  be  the  case  in  ore  deposits,  particularly 
those  in  limestone.  The  three  assumptions  being  thus  interdependent,  evi- 
dence in  favor  of  either  may  be  considered,  in  so  far,  a  proof  of  the  others, 
and  it  will  not  be  necessary  to  consider  them  separately.  Direct  evidence 
that  the  original  sulphides  in  the  region  were  deposited  in  this  manner  is 
necessarily  difficult  to  obtain,  where  secondary  alteration  has  gone  so  far  as 
it  has  in  Leadville;  but  indirect  and  negative  evidence  is  abundant.  When 
the  unoxidized  deposits  have  been  thoroughly  opened  by  future  explora- 
tions, so  that  it  will  be  possible  to  study  them  in  their  unaltered  and  original 
condition,  an  opportunity  will  be  offered  for  testing  the  correctness  of  the 
deductions  here  made. 

indirect  evidence. — In  their  present  condition  there  can  be  no  doubt  that 
the  ore  bodies  are  a  replacement  of  the  country  rock.  In  the  case  of  the 
limestone  deposits  they  grade  off  gradually  into  the  country  rocks,  the 
only  regular  outlines  of  the  bodies  being  those  which  are  formed  by  the 
contact  of  the  limestone  with  the  adjoining  porphyry;  the  other  outlines 
are  irregular  and  ill-defined.  Not  only  are  fragments  of  unaltered  limestone 
found  entirely  inclosed  within  the  ore  bodies,  but  the  latter  sometimes 
occupy  the  entire  space  between  surrounding  sheets  of  porphyry,  which 
the  geological  structure  shows  must  have  been  formerly  occupied  by  the 
original  limestone  bed.  The  chemical  analyses  of  the  ores  and  vein  mate- 
rials given  above  show  lime  and  magnesia  to  be  constant  constituents, 
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decreasing  proportionally  from  the  outer  limits  of  the  body  toward  its  inte- 
rior. When  these  substances  are  in  sufficiently  large  proportion  to  be  visi- 
ble to  the  eye,  they  are  seen  to  be,  not  in  the  crystalline  condition  in  which 
they  would  be  expected  to  be  if  they  were  brought  into  a  pre-existing  cavity 
and  then  deposited,  but  in  the  same  granular  condition  in  which  they  exist 
in  the  country  rock.  Although  it  may  be  said  that  the  present  outlines  of  the 
oxidized  ore  bodies  are  not  necessarily  the  same  as  those  of  the  original  sul- 
phide deposits,  it  is  probable,  from  the  study  that  has  been  made  of  the  proc- 
esses of  alteration,  that  they  preserve  a  general  proportion  and  relation  to 
those  outlines,  and  do  not  vary  from  them  sufficiently  to  invalidate  the  deduc- 
tion that  the  original  deposits  could  not  have  been  made  in  open  caves.  The 
deposits  in  rocks  other  than  limestone  consist  of  metallic  minerals  and  of 
altered  portions  of  the  country  rock,  in  which  the  structure  of  the  latter  can 
sometimes  be  still  traced,  and  are  not  the  regular  layers  of  matter  foreign  to 
the  country  rock,  which  results  from  the  filling  of  a  pre-existing  fissure  or 
cavity  by  materials  brought  in  from  a  distance  and  deposited  along  the  walls. 

In  the  case  of  the  still  unaltered  sulphide  deposits  of  Ten-Mile  district, 
which  may  reasonably  be  assumed  to  have  been  formed  in  an  analogous 
way,  the  arrangement  of  the  particles  of  the  original  rock  can  frequently 
be  seen  to  be  preserved  in  the  metallic  minerals,  which  maintain  a  certain 
parallelism  with  the  original  bedding  planes  in  the  lines  defined  by  minute 
changes  in  these  minerals. 

Negative  evidence  is  afforded  by  the  absence  of  that  condition  of  things 
which  would  naturally  be  expected  to  exist  if  the  ore  bodies  had  been 
deposited  in  pre-existing  cavities,  as  has  been  assumed  to  be  the  case  by 
those  who  have  contented  themselves  with  this  a  priori  assumption  founded 
on  the  theory  generally  given  in  text-books,  without  taking  time  to  study 
the  phenomena  as  they  actually  exist.  The  common  character  of  caves 
which  have  been  dissolved  out  of  limestone  is  that  their  walls  are  coated 
with  a  layer  of  silt  or  clay,  which  has  been  left  undissolved  by  the  perco- 
lating waters,  and  that  these  walls,  where  undisturbed,  have  a  peculiar  sur- 
face of  little  cup- shaped  irregularities.  There  is  also  almost  invariably  an 
accumulation  at  the  bottom  of  the  cave  of  irregular  fragments  of  limestone, 
which  have  broken  off  from  its  sides  or  roof.  Observation  shows  us,  more- 


568  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADVILLE. 

over,  that  deposits  of  mineral  matter  made  in  pre-existing  cavities  are  in 
more  or  less  regular  layers,  parallel  with  the  walls  of  the  cavity,  and  that 
where  this  approaches  a  spherical  shape,  even  in  a  slight  degree,  these  layers 
are  concentric.  The  most  perfect  type  of  this  arrangement  is  seen  in  the 
agates  which  fill  geodes. 

Were  the  ore  bodies  of  Leadville  the  filling  of  pre-existing  cavities, 
not  only  would  it  be  expected  that  a  certain  parallelism  within  the  walls  or  an 
arrangement  in  layers  of  their  various  mineral  constituents  should  have  ex- 
isted, but  these  walls  would  have  been  defined  by  a  distinct  clayey  selvage, 
all  of  which  could  hardly  have  been  entirely  obliterated  by  the  secondary 
alteration  which  has  taken  place.  Further,  an  examination  of  the  outlines 
of  these  ore  bodies  afforded  by  the  maps  and  sections  shows  the  physical 
impossibility  of  their  having  once  been  open  cavities.  What  would  have 
supported  the  roofs  of  such  broad  continuous  openings  as  they  would  rep- 
resent, or,  in  cases  where  they  occupy  sensibly  the  entire  space  between 
two  sheets  of  porphyry,  why  did  these  sheets  not  close  together?  Again, 
how  could  such  cavities  have  been  formed  at  the  depth  at  which  these 
deposits  were  originally  formed,  which  it  has  been  shown  must  have  been 
about  10,000  feet  below  the  rock  surface? 

The  caves  which  now  exist  in  the  limestones  of  this  region  are  of 
extremely  recent  origin,  and,  as  has  been  shown,  cut  through  limestone  and 
ore  bodies  indiscriminately.  The  action  of  the  surface  waters  which  formed 
them  is  therefore  not  only  recent,  but  more  recent  than  that  which  pro- 
duced the  greater  part  of  the  secondary  alteration  of  the  ore  bodies. 
Those  who  maintain  that  the  deposits  in  limestone  have  necessarily  been 
deposited  in  pre-existing  cavities  do  not  in  all  cases,1  it  is  true,  distinctly 
state  that  these  cavities  must  have  been  formed  by  surface  waters;  but  it 
yet  remains  to  be  proved  that  any  of  the  caves  which  are  so  commonly 
found  in  limestones  have  been  formed  at  any  great  distance  from  the  sur- 
face. The  majority  certainly  have  not,  and,  since  it  is  generally  admitted 
that  the  power  of  easily  dissolving  limestones  is  acquired  by  the  waters 

1  Prof.  J.  S.  Newberry  (School  of  Mines  Quarterly,  March  1880)  distinctly  states  that  the  west- 
ern deposits  in  limestone  have  been  deposited  in  caves  which,  like  the  Mammoth  Cave,  were  formed  by 
surface  waters,  and  that  probably  these  deposits  will  prove  of  limited  extent  in  depth,  since  the  exca 
vation  of  limestones  "mnst  be  confined  to  the  zoue  traversed  by  surface  drainage." 
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from  the  free  carbonic  acid  and  organic  acids  which  they  take  up  at  the 
surface,  it  seems  probable  that  these  would  have  been  neutralized  and  the 
solvent  power  largely  lost  long-  before  they  could  have  reached  depths 
comparable  with  those  at  which  these  deposits  were  formed. 

ORIGIN   OR   SOURCE   OF  THE   METALLIC   MINERALS. 

Ascension  or  lateral  secretion. — The  origin  of  the  metallic  contents  of  ore  de- 
posits has  been,  from  the  very  earliest  days  of  geology,  a  most  fruitful  theme 
of  speculation  and  theorizing,  probably  for  the  very  reason  that  so  little  has 
been  done  toward  obtaining  data,  founded  upon  actual  observations  or 
experiments,  to  support  one  theory  or  exclude  another.  In  the  days  of  the 
bitter  contests  between  Neptunists  and  Plutonists  the  supporters  of  either 
school  allowed  only  the  extreme  alternatives,  that  the  vein  materials  were 
washed  into  the  veins  from  the  surface  (descension  theory)  or  that  they 
were  forced  into  them  in  a  molten  condition  from  below  (ascension  theory). 
Probably  in  either  case,  in  the  heat  of  the  contest,  they  went  beyond  the 
real  opinion  of  the  originators  of  the  school,  for  it  does  not  appear  from  the 
writings  of  "Werner,1  the  father  of  the  Neptunist  school,  that  he  himself 
went  further  than  to  maintain  that  veins  were  filled  by  deposit  from  solu- 
tions reaching  them  from  above,  without  attempting  to  indicate  the  source 
from  which  these  solutions  derived  their  metallic  contents.  The  idea  of  the 
original  ascensionists,  or  more  properly,  injectionists,  that  the  mineral  con- 
tents of  ore  deposits  could  have  been  injected  into  their  present  position  in 
a  fused  state,  is  so  opposed  to  all  observed  facts  that  it  has  long  since  been 
abandoned ;  and  probably  no  one  would  maintain  that  original  ore  deposits 
are  derived  from  waters  at  present  flowing  on  the  surface. 

There  still  remains  a  tendency  among  writers  to  separate  themselves 
into  upholders  of  modifications  of  one  or  the  other  of  these  original  theories, 
but  an  impartial  examination  of  their  views  shows  that,  so  far  as  their  foun- 
dation in  well-ascertained  facts  or  on  legitimate  deductions  from  these  facts 
goes,  there  is  really  no  great  essential  difference  between  them.  Thus  the 
French  geologists,  who,  by  the  prominence  given  to  the  synthetic  experi- 
ments of  Se"narmont,  Daubre"e,  and  others,  may  be  considered  to  be  the 

1  A.  G.  Werner,  Nene  Theorie  der  Entstehnng  der  Giinge.     1791. 
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legitimate  inheritors  of  the  ascension  or  injection  theory,  now  modified  into 
the  sublimation  theory,  themselves  admit  that  it  is  practically  an  aqueous 
solution,  even  if  in  a  gaseous  form,  from  which  they  derive  the  metallic  con- 
tents of  their  deposits.1  And  among  those  who  professedly  maintain  that 
most  ores  are  probably  deposited  by  percolating  waters,  but  who  would  dis- 
tinguish lateral  secretion  from  ascension  or  descensiou,  there  is  fundament- 
ally so  much  held  in  common  that  differences  seem  slight.2 

That  some  ore  deposits  have  necessarily  been  deposited  from  solution 
is  admitted  by  all  geologists  who  have  made  special  studies  of  the  subject, 
and  that  the  greater  part  of  them  have  been  so  formed  is  maintained  by  a 
large  and  ever-increasing  class.  Geological  investigations  have  also  shown 
that  within  the  rocks  forming  the  crust  of  the  earth,  so  far  as  observation 
has  yet  reached,  there  is  a  constant  circulation  of  waters  carrying  more  or 
less  mineral  matter  in  solution,  and  that  no  rock  is  absolutely  impermeable. 
There  are  therefore  both  upward  and  downward  currents,  it  being  gener- 
ally assumed  that  the  latter  are  surface  waters  sinking  under  the  influence 
of  gravity  and  the  former  the  same  waters  rising  under  that  of  the  internal 
heat  of  the  earth.  It  will  be  readily  apparent,  however,  that  such  move- 
ment is  not  necessarily  vertical  in  either  direction,  but  will  take  its  immedi- 
ate direction  from  the  character  of  the  rock  mass  through  which  it  is  passing; 
that  there  will  be  a  tendency  of  waters,  filling  capillary  passages  and  minute 
fissures,  to  seek  larger  channels  on  joint,  fault,  and  stratification  planes, 
along  which  their  movement  will  be  more  free;  further,  that,  in  case  of 
waters  passing  along  such  channels  and  carrying  mineral  matter  in  solution, 
this  mineral  matter  will  be  deposited  where  the  conditions  of  the  inclosing 
rock  are  such  as  to  favor  a  chemical  precipitation  or  interchange,  and  that 
such  precipitation  will  be  most  abundant  where  for  any  cause  there  is  some 

A.  de  Lappareut,  Trait(S  de  Ge'ologie,  p.  1170.      Paris,  1883. 

5  Thus  Joseph  Le  Conte,  iu  his  article  on  the  Genesis  of  Ore  Deposits  (Amer.  Jour,  of  Sci.,  May, 
1883),  while  devoting  much  space  to  disproving  the  theory  of  Saudberger,  as  exposed  in  his  recent 
Researches  on  Ore  Deposits,  is  really  of  the  same  opinion  as  the  latter  on  most  essential  points.  The 
main  point  of  difference  between  the  two  appears  to  be  that,  while  Le  Conte  maintains  that  the  phe- 
nomena of  Steamboat  Springs  and  Sulphur  Bauk,  where  deposits  are  actually  going  on  at  the  i>ivs>-iit 
day,  should  be  taken  as  a  type  of  all  deposits  aud  may  serve  as  a  basis  for  a  general  theory.  Saml- 
berger  considers  them  exceptional  cases  aud  their  conditions  not  necessarily  I  he  same  that  pievailed 
with  deposits  formed  at  a  great  depth  below  the  surface. 
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interruption  in  the  regular  flow  of  the  current,  as  rapidly  moving  waters 
deposit  much  less  readily  than  those  whose  movement  is  very  slow. 

Admitting  the  above  conditions,  it  would  seem,  a  priori,  impossible  to 
assign  any  general  direction  of  movement  to  currents  from  which  ores  are 
deposited,  and  that  each  individual  deposit  must  be  studied  by  itself  in 
order  to  determine,  by  its  geological  relations,  from  which  direction  the 
depositing  solutions  probably  came.  The  admission  that  ore  bodies  have 
been  deposited  by  currents  of  circulating  waters  logically  involves  the 
admission  that  they  may  have  been  upward,  downward,  or  lateral  currents, 
according  as  the  conditions  at  time  of  deposition  favored  either  direction 
of  approach  to  the  locus  of  deposit.  While  the  determination  of  this  direc- 
tion in  a  special  district  is  of  the  utmost  importance  from  an  economical 
point  of  view,  since  by  it  the  explorations  for  the  continuation  of  ore  bodies 
must  be  largely  guided,  its  theoretical  importance  as  bearing  upon  the  gen- 
eral question  of  the  origin  of  ore  deposits  seems  to  have  been  hitherto  much 
exaggerated. 

Source  of  metals. — In  speculations  as  to  the  source  from  which  the  metallic 
contents  of  ore  deposits  are  derived,  a  distinction  should  also  be  made 
between  the  immediate  and  the  ultimate  source. 

The  ultimate  source  is  as  much  a  purely  speculative  matter  as  the 
nebular  hypothesis.  Since  according  to  this  hypothesis  the  earth  in  its 
present  condition  is  the  result  of  gradual  cooling  from  an  incandescent  mass, 
and  since  moreover  the  specific  gravity  of  the  rocky  crust  which  is  exposed 
to  observation  is  very  much  less  than  that  of  the  whole  mass  of  the  earth, 
it  is  a  legitimate  conclusion  that  the  heavy  metals  must  be  in  much  larger 
proportions  in  the  interior  of  the  earth  than  in  the  rocky  crust.  Although 
this  view  is  generally  admitted  by  geologists  at  the  present  day,  it  is  evi- 
dent that  its  basis  is  somewhat  negative,  since,  like  the  nebular  hypothesis 
upon  which  it  is  founded,  it  cannot  be  proved  in  the  present  state  of  science 
by  actual  experiment  or  observation.  Volcanic  emanations  and  thermal 
springs  have  been  found  to  contain  metallic  minerals,  as  have  also  the 
waters  of  the  ocean,  but  it  cannot  be  stated  definitely  from  what  depth  they 
have  come  in  the  former  case,  nor  whether,  in  the  latter  case,  they  may 
not  have  been  ultimately  derived  from  the  same  indefinite,  deep-seated 
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source.  It  would  seem  proper,  therefore,  in  a  practical  treatise  like  the 
present,  to  leave  out  of  consideration  altogether  the  ultimate  and  purely 
speculative  source  and  to  confine  the  investigation  to  the  more  immediate 
source,  about  which  it  is  possible  to  obtain  some  actual  and  demonstrable 
evidence. 

As  circulating  waters  must  take  up  as  well  as  throw  down  their  metal- 
lic contents,  it  is  evident  that  under  varying  conditions  the  same  material 
may  have  been  deposited  more  than  once  and  in  more  than  one  form  since 
it  reached  that  part  of  the  rocky  crust  of  the  earth  which  is  open  to  actual 
observation.  There  may  be,  therefore,  intermediate  sources  between  the 
ultimate  and  the  immediate,  but  which,  like  the  ultimate,  are  removed  from 
actual  demonstration. 

It  is  common  practice  to  say  of  any  ore  deposit,  not  distinctly  sedi- 
mentary, that  it  has  come  from  below,  and  to  rest  content  with  this  state- 
ment, which,  even  if  not  susceptible  of  direct  proof,  has  the  merit  that  in 
one  sense  it  cannot  be  disproved.  This  practice  evidently  had  its  origin 
in  the  fact  that  early  writers  upon  ore  deposits  used  as  the  type  deposit, 
upon  which  to  found  their  theories,  the  nearly  vertical  fissure  vein.  This 
they  assumed  to  be  the  filling  of  a  pre-existing  open  crack,  extending  indefi- 
nitely toward  the  center  of  the  earth,  by  heated  solutions  arising  from 
great  depths;  as  these  solutions  approached  the  surface  of  the  earth  and 
were  consequently  relieved  of  the  great  pressure  to  which  they  were  sub- 
ject in  the  depths,  by  reason  of  that  relief  they  gradually  deposited  their 
contents  on  the  walls  of  the  fissure  until  it  was  completely  filled.  While 
under  the  theoretical  conditions  assumed  this  hypothesis  might  afford  an 
adequate  explanation  of  the  manner  of  deposition  in  such  a  vein,  it  is  by 
no  means  proved  that  such  conditions  exist  in  nature,  and  therefore  the 
explanation,  so  readily  given  in  most  cases,  is  generally  inadequate  and  not 
founded  upon  a  sufficient  study  of  the  geological  conditions. 

In  the  case  of  the  Leadville  deposits  the  inadequacy  and  even  falsity 
of  this  explanation,  except  as  applied  to  the  ultimate  source  from  which  the 
metals  may  have  been  derived,  is  readily  apparent. 

In  the  first  place,  the  geological  study  of  the  district  has  shown  that 
thev  must  have  been  formed  beneath  a  thickness  of  at  least  ten  thousand 
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feet  of  superincumbent  rocks  and  an  unknown  amount  of  sea  water.  If 
they  had  been  deposited  from  hot  ascending  solutions,  as  the  result  of  a  relief 
of  pressure,  it  would  naturally  be  expected  that  the  bulk  of  the  deposit  would 
have  been  found  in  the  upper  part  of  this  mass  of  rocks,  where  the  pressure 
was  least,  instead  of  at  its  base. 

Secondly,  as  at  the  time  of  deposit  the  sedimentary  beds  in  which  they 
occur  were  horizontal  and  relatively  undisturbed,  if  the  deposit  had  been 
made  from  ascending  currents  it  would  naturally  be  expected  that  the  proc- 
ess of  deposition  should  have  acted  from  the  lower  surface  of  the  beds  up- 
wards, instead  of  from  the  upper  surface  downwards,  as  is  shown  to  have 
been  the  case  in  the  Blue  Limestone,  which  carries  the  bulk  of  the  ores. 

Thirdly,  as  far  as  present  investigations  have  extended,  there  is  a 
noticeable  absence,  in  the  region  of  greatest  ore  development,  of  channels 
extending  downwards,  through  which  the  ascending  solutions  might  have 
come.  The  vast  majority  of  eruptive  bodies  are  in  the  form  of  nearly  hori- 
zontal sheets,  parallel  with  the  stratification.  The  few  approximately  verti- 
cal bodies  that  have  come  under  observation  afford  no  evidence  that  their 
walls  form  part  of  a  channel  through  which  the  ore  currents  came  up  from 
below. 

The  above  considerations  seem  sufficiently  conclusive  evidence  against 
adopting  upward  currents  as  the  direct  source  of  the  ore  deposits  of  Lead- 
ville.  The  principal  water  channel  at  the  time  of  deposition  was  evidently 
the  upper  contact  of  the  Blue  Limestone  with  an  overlying  porphyry,  and 
from  this  surface  they  penetrated  downwards  into  the  mass  of  the  lime- 
stone. It  may  be  assumed,  therefore,  that  the  currents  were  descending 
under  the  influence  of  gravity,  rather  than  ascending  under  the  influence 
of  heat. 

It  is  well  known  that  percolating  waters  circulate  freely  in  every  direc- 
tion through  massive  or  eruptive  rocks,  owing  to  the  effect  which  cooling 
and  weathering  have  of  splitting  them  into  irregular  blocks,  while  in  sedi- 
mentary rocks,  however  permeable,  the  bedding-planes  are  naturally  the 
easiest  for  them  to  follow.  If,  then,  at  the  time  of  deposition  the  prevailing 
direction  of  the  ore  currents  had  been  downwards,  it  is  easy  to  conceive 
that  they  would  have  descended  freely  through  the  overlying  porphyry 
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masses  and  would  have  been  diverted  temporarily  from  a  vertical  to  a  hori- 
zontal course  along  the  stratification  plane  of  the  first  sedimentary  bed  they 
reached,  and  that,  when  this  was  a  comparatively  soluble  rock  like  the  dolo- 
mitic  limestone  of  Leadville,  they  would  eat  their  way  gradually  into  it, 
either  from  this  surface  or  from  cracks  through  which  they  were  here  and 
there  able  to  penetrate  its  mass.  A  downward  current  seems,  therefore,  to 
best  suit  the  facts  thus  far  observed  with  regard  to  the  Leadville  deposits. 
It  might  be  objected  that  a  downward  current  would  not  necessarily  be  hot, 
but  it  has  been  found  by  experiment  and  observation  that  metallic  minerals 
may  be  taken  up  by  cold  water,  though  not  so  rapidly  as  by  hot.  More- 
over, it  is  probable  that  the  intrusive  bodies  retained  for  a  long  time  suffi- 
cient heat  to  sensibly  raise  the  temperature  of  waters  coming  in  contact  with 
them. 

In  looking,  then,  for  the  immediate  source  whence  the  waters  by  which 
these  ores  were  deposited  derived  their  metallic  contents,  which  source 
should  be  within  a  limited  distance  of  the  locus  of  the  deposits,  since  it  can- 
not be  supposed  that  the  waters  would  travel  for  a  great  distance  through 
rocks  of  varying  composition  without  suffering  considerable  change  in  the 
material  they  held  in  solution,  it  would  seem  natural  to  consider  the  rocks 
in  the  vicinity  of  these  deposits,  and  especially  those  overlying  them. 

Metallic  contents  of  country  rocks. — It  was  resolved  in  the  early  stages  of  the 
work  to  make  a  careful  chemical  examination  of  all  the  rock  varieties  of  the 
region,  as  far  as  circumstances  would  admit,  selecting  comparatively  unal- 
tered rocks,  which  might  be  supposed  to  retain  most  of  their  metallic  con- 
tents, and  those  sufficiently  removed  from  any  known  ore  channels  to  be 
free  from  the  suspicion  of  having  received  these  contents  from  the  waters 
exuding  from  such  channels. 

This  investigation  was  undertaken  solely  for  the  purpose  of  obtaining 
facts  which  might  explain  the  condition  of  things  existing  in  the  region, 
and  was  conducted  without  the  bias  of  any  preconceived  general  theory. 
Indeed,  in  the  opinion  of  the  writer,  our  knowledge  of  the  ore  deposits  of 
the  world  is  still  too  limited  and  superficial  to  admit  of  the  formulating  of 
any  generally  and  universally  applicable  theory.  On  the  other  hand,  the 
weight  of  what  may  be  considered  actual  evidence,  as  distinguished  from 
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pure  speculation,  seems  to  be  in  favor  of  the  lateral-secretion  theory  in  its 
broader  acceptation.  Geologists  whose  acknowledged  ability  and  wide 
experience  give  weight  to  their  opinion  have  already  made  the  general- 
ization that  the  majority  of  the  ore  deposits,  whether  in  crystalline  or  in 
sedimentary  rocks,  are  found,  if  not  in  actual  contact  with,  at  least  in  the 
immediate  vicinity  of,  eruptive  rocks.  The  experience  of  the  writer  would 
lead  him  to  qualify  this  generalization  by  adding  that  it  is  with  the  older 
and  generally  intrusive  rocks  of  eruptive  origin  that  valuable  ore  bodies  are 
most  frequently  associated,  while  they  are  rare  in  regions  where  these  rocks 
only  form  surface  flows  or  are  outpourings  of  actual  volcanic  vents.  As 
there  is  no  ground  for  assuming  that  the  latter  rocks  would  be  freer  from 
heavy  metals  than  the  former,  the  reason  for  these  associations  would  have 
to  be  found  in  the  fact  that  the  older  rocks  have  been  exposed  longer  to  the 
action  of  percolating  waters  and  the  deeper  rocks  have  been  more  acces- 
sible to  the  waters  containing  materials  that  would  readily  dissolve  the 
metals. 

As  regards  the  derivation  of  ore  materials  from  neighboring  rocks,  G. 
Bischof,  who  has  rendered  most  important  services  to  geology  in  removing 
it  from  a  speculative  to  an  inductive  basis,  first  gave  an  authoritative  and 
decided  opinion  in  these  words:  lu  As  a  general  consequence  of  the  relations 
between  the  matrices  of  lodes,  the  rocks  adjoining  them,  and  their  condition, 
as  well  as  those  between  different  lodes,  it  may  be  inferred  that  all  the  sub- 
stances contained  in  the  lodes  have  been  derived  from  the  adjoining  rocks." 

Both  Breithaupt2  and  von  Cotta3  admit  the  probability  of  this  deriva- 
tion, provided  the  existence  of  the  vein  materials  in  the  country  rock  can 
be  proved.  Bischof  had  already  proved  this  for  the  gangue  materials,  but 
his  investigations  had  not  been  carried  further,  and  the  existence  of  the 
heavy  metals  in  the  country  rocks  still  remained  to  be  demonstrated.  To 
this  task  Dr.  F.  Sandberger  has  devoted  himself,  as  he  tells  us,4  since  1873. 
Up  to  that  time  he  had  been  an  advocate  of  the  -ascensron  theory,  but  after 
having  by  careful  analysis  detected  all  the  vein  materials  of  a  certain  dis- 

1  G.  Bischof,  Chemical  and  Physical  Geology,  III,  p.  f  18. 
'Paragenesis  der  Mineralien,  p.  119.     1849. 
3  Lagerotiitten  der  Erze.     I,  p.  177;  II,  pp.  297  et  seq.    1859 
*  Unters-'diungen  iiber  Erzgiinge.    Wiesbaden,  1882. 
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trict  in  the  adjoining  country  rocks  he  was  led  to  make  extended  investiga- 
tions of  the  country  rocks  of  ore  deposits  in  general,  not  contenting  himself 
with  a  simple  lump  analysis  of  the  rock,  but  separating  out  its  individual 
constituents  and  analyzing  them  separately.  He  now  claims  that  he  has 
thus  been  able  to  discover  all  the  metals  occurring  in  veins,  and  that  they 
are  mainly  contained  in  the  basic  silicates  of  crystalline  rocks,  such  as  mica, 
hornblende,  and  augite.  He  has  also  analyzed  the  waters  of  many  thermal 
springs,  and  concludes  that  the  metals  contained  in  these  are  not  deposited 
in  their  channels,  but  only  at  the  mouths,  where  they  are  practically  in  con- 
tact with  the  atmosphere,  and,  while  he  considers  further  similar  investiga- 
tions desirable,  he  holds  that  what  he  has  already  determined  proves  the 
general  inapplicability  of  the  thermal-spring  origin  for  fissure  veins,  which 
have  mostly  been  formed  at  depths  where  the  influence  of  the  atmosphere 
would  not  be  felt.  Whether  Dr.  Sandberger's  conclusions  be  accepted  in 
their  entirety  or  not,  the  results  of  his  investigations  are  certainly  very  sug- 
gestive. Both  he  and  Bischof  consider  the  silicates  more  probable  sources 
of  the  metals  than  the  disseminated  pyrites  so  abundantly  found  in  erup- 
tive rocks,  which  they  hold  not  to  be  original  constituents  thereof. 

In  the  present  investigation  it  was  not  feasible  to  follow  Sandberger's 
method  of  analyzing  the  separate  constituents  of  all  the  different  rocks, 
which  involves  a  great  expenditure  of  time  and  the  use  of  elaborate  chem- 
ical apparatus.  Moreover,  the  porphyries  in  the  vicinity  of  LeadviJle  con- 
tain no  basic  silicates  in  a  sufficiently  undecomposed  state  to  be  separated 
out.  Lump  analyses  alone  were  then  practicable,  but  by  the  employment 
of  dry  methods  it  was  possible  to  make  a  greater  number  of  tests  and  detect 
extremely  minute  traces  of  silver  and  gold,  which  by  Sandberger's  method 
could  hardly  have  been  found.  Lead  and  barium  were  also  sought  for  in 
the  wet  way.  The  other  principal  constituents  of  the  ores,  silica,  iron,  and 
manganese,  are  so  universally  disseminated  that  a  special  search  was  con- 
sidered unnecessary.  The  methods  pursued  and  the  details  of  the  results 
obtained  are  set  forth  in  Appendix  B.  More  than  twice  the  number  of 
assays  there  given  for  gold  and  silver  were  originally  made,  but  after  they 
had  all  been  completed  a  possible  source  of  error  was  discovered,  which  led 
to  a  repetition  of  the  test  in  the  case  of  all  for  which  material  remained. 
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The  discrepancies  in  these  were  not  such  as  to  have  affected  the  final  con- 
clusion, but  it  was  considered  best  to  publish  only  those  whose  positive 
results  were  beyond  a  doubt.1  Comparatively  few  sedimentary  rocks  were 
tested,  for  the  reason  that  in  all  cases  where  not  evidently  exposed  to  the 
influence  of  the  ore  currents  they  were  found  to  be  barren  of  all  the  essen- 
tial vein  materials. 

Baryta  determinations. — Baryta  forms  an  essential  constituent  of  one  vari- 
ety of  feldspar  (hyalophane),  which  contains  from  9  to  20  per  cent,  of  it, 
and  it  has  also  been  found  in  small  amounts  in  andesine,  oligoclase,  and 
orthoclase  feldspars,  where  it  is  generally  associated  with  strontia;  probably 
both  might  have  been  found  much  more  frequently  if  analysts  had  made 
a  special  search  for  them.  As  these  substances  are  generally  recognized  as 
possible  constituents  of  eruptive  rocks,  it  was  not  considered  necessary  to 
make  a  great  many  tests  in  order  to  establish  the  possibility  that  the  barite 
in  the  Leadville  deposits  might  have  been  derived  from  the  neighboring 
rocks.  As  strontium  replaces  barium  to  a  certain  extent  in  the  Leadville 
mineral,  its  occurrence  is  also  of  significance.  Neither  of  these  substances 
was  found  in  the  sedimentary  rocks  analyzed,  but  from  eruptive  rocks  were 
obtained  as  follows: 

Barium  and  strontium  in  eruptive  rocks. 


Rock. 

Locality. 

BaO 

SrO 

White  Porphyry  

California  gulch  quarry  
White's  Hill  

0.09 
0  098 

Trace 

Do 

do 

Do 

White's  Hill  Malvina  tunnel 

0  08 

0  07 

Buffalo  Peaks  

Trace 

Trace 

In  one  specimen  each  of  Mount  Zion  Porphyry,  porphyrite,  and  rhy- 
olite,  neither  baryta  nor  strontia  was  found.  Thus  out  of  eleven  specimens 
tested  five  contained  baryta,  five  strontia,  and  in  three  neither  was  detected. 

Lead  determinations. — Lead  has  also  been  detected  in  feldspars,  though  less 
frequently  than  baryta. 

1  For  this  reason  the  averages  vary  slightly  from  those  assumed  at  the  time  the  abstract  of  this 
report  was  written. 
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Among  the  rocks  tested  during  this  investigation  it  was  found  in  a  single 
specimen  only  of  sedimentary  rock,  a  sandstone  impregnated  with  pyrite, 
probably  derived  from  the  adjoining  Pyritiferous  Porphyry.  As  the  quanti- 
tative results  are  given  in  full  in  Table  III,  Appendix  B,  they  need  only 
be  presented  in  the  following  abbreviated  form  here: 

Lead  in  eruptire  rock*. 


Rock. 

Number  of 
specimen* 
tested  for 
PbO. 

Number 
containing 
PbO. 

Xnmber 
in  which  no 
PbO  was 
found. 

White  Porphyry  

2 

2 

0 

] 

0 

3 

2 

1 

Pyritiferoua  Porphyry... 

8 
2 

8 
1 

0 
1 

Granite  

2 

1 

1 

Total  

18 

15 

3 

Of  the  above  specimens  all  except  granite  and  porphyrite  belong  to  a 
higher  geological  horizon  than  the  Blue  Limestone.  The  results  given  in 
Table  III  are  those  which  were  obtained  from  that  portion  of  the  rock  solu- 
ble in  strong  acids.  In  only  three  cases  was  the  insoluble  part  fused  and 
subjected  to  further  treatment.  In  these  cases  more  lead  was  obtained  from 
the  insoluble  part  than  from  the  soluble.  It  may  therefore  be  assumed  that 
had  the  same  treatment  been  pursued  in  each  case  the  results  would  have 
been  even  more  conclusive  as  to  the  prevalence  of  lead  in  appreciable  quan- 
tities in  the  igneous  rocks  of  the  region.  The  greater  portion  obtained  in 
the  second  treatment  existed  undoubtedly  in  the  form  of  silicate,  since  most 
of  the  sulphide  contained  in  the  rock,  whether  original  or  secondary,  would 
have  yielded  to  the  acid  treatment.  But  it  does  not  necessarily  follow  that 
all  the  lead  obtained  by  the  first  treatment  was  associated  with  the  pyrite, 
for  the  analysis  of  pyrite  from  the  Pyritiferous  Porphyry  treated  separately 
gives  only  0.0019  per  cent.  PbO,  while  the  average  of  eight  specimens  of  the 
rock  gives  0.0020  in  the  soluble  portion  alone. 

As  a  further  illustration,  Table  III  gives  the  result  of  an  examination 
for  zinc  of  two  rocks  from  the  Ten-Mile  district,  where  the  ores  are  highly 
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zinciferous.  They  are  0.008  and  0.0043  per  cent.  ZnO,  respectively,  with 
an  appreciable  amount  of  CoO  as  well.  Of  the  granites,  the  one  containing 
lead  is  of  eruptive  type,  the  other  rather  a  granite  gneiss. 

Had  time  and  laboratory  facilities  permitted,  these  results  might  have 
been  greatly  multiplied  and  the  analyses  made  much  more  exhaustive ;  but, 
although  the  existence  of  lead  in  such  connection  inferentially  implies  that 
of  gold  or  silver  also,  it  was  thought  wiser  to  obtain  direct  proof  of  the 
occurrence  of  these  metals  as  well. 

Silver  and  gold  determinations. — The  quantitative  results  of  these  determina- 
tions, together  with  a  statement  of  the  methods  employed,  will  be  found  in 
Appendix  B.  The  following  table  presents  the  results  given  in  Table  IV 
in  a  condensed  and  more  comprehensive  form : 

Silver  and  gold  in  eruptive  rocks. 


Rock. 

Number  of 
specimens 
tested. 

Number 
containing 
silver. 

Number 
containing 

gold. 

Number 
in  which 
neither  was 
found. 

White  Porphyry 

H 

/7J 

3 

3 

0 

5 

o 

10 

9 

3 

I 

1 

I 

1 

I 

o 

1 

I 

o 

Q 

Q 

Q 

1 

1 

Rhyolite 

1 

1 

Q 

Q 

Trachyte           

1 

1 

o 

Q 

Granite  

2 

o 

o 

2 

Total  

44 

32 

4 

12 

In  discussing  the  above  results  it  is  important  to  consider  the  present 
condition,  position,  and  composition  of  the  different  rock  masses.  It  must 
be  borne  in  mind  also  that  the  negative  results  are  not  absolute,  but  mean 
merely  that  the  specimen  tested  does  not  contain  more  than  0.0000068 
per  cent,  of  silver,  or  0.002  ounce  to  the  ton.  Such  quantities  are,  it  is  true, 
almost  infinitely  small ;  so  also  is  the  amount  of  time  and  water  allowed  for 
their  leaching  almost  infinitely  great. 

The  White  Porphyry  is  the  most  universally  decomposed  rock  in  the 
Nowhere  was  it  possible  to  obtain  it  in  an  absolutely  fresh  state, 


region. 
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but  the  rock  of  dikes  was  found  to  most  nearly  approach  this  condition. 
The  three  specimens  which  were  found  to  contain  silver  came  from  dikes, 
while  all  the  others  came  from  the  main  sheet  overlying  the  Blue  Lime- 
stone. Considering  this  fact  alone,  it  might  be  assumed  that  the  metallic 
contents  had  already  been  leached  out  of  this  sheet.  On  the  other  hand, 
the  rock  in  its  unaltered,  normal  condition  apparently  contained  a  very 
small  proportion  of  basic  silicate ;  and  of  pyrite,  if  it  existed  as  an  original 
constituent,  but  little  trace  is  left. 

On  the  other  hand,  the  Pyritiferous  Porphyry,  which  stands  at  the 
opposite  end  of  the  scale  as  regards  its  contents  in  gold  and  silver,  although 
generally  decomposed  at  the  surface,  is  less  so  than  the  White  Porphyry, 
and  its  interior  is  less  deeply  exposed,  either  by  erosion  or  by  underground 
workings.  It  also  contains  a  larger  proportion  of  basic  silicates.  Its  most 
striking  feature  is  the  enormous  amount  of  pyrite  that  it  contains,  amount- 
ing, on  an  average,  to  about  4  per  cent,  of  its  mass.  Part,  at  least,  of 
this  pyrite  is  original,  as  it  is  found  included  within  the  crystals  of  quartz. 
Both  pyrite  and  galena  are  occasionally  found,  however,  coating  the  joint- 
ing planes  of  the  rock,  in  which  case  they  are  undoubtedly  secondary. 

From  a  consideration  of  the  quantitative  results  given  for  this  rock  in 
Table  IV,  it  is  evident  that,  while  the  traces  of  gold  in  the  rock  might  have 
been  contained  in  the  pyrite,  all  the  silver  could  not  thus  be  accounted  for. 
The  average  assay  of  the  ten  specimens  of  Pyritiferous  Porphyry  is  0.2773 
ounces  Ag  per  ton ;  but  one  of  these  might  be  considered  abnormal,  since 
it  alone  contains  more  than  the  sum  of  the  other  nine.  Rejecting  this,  the 
average  of  the  other  nine  specimens  is  0.0265  ounce  Ag.  The  pyrite,  sep- 
arated and  assayed  alone,  gave  0.890  ounce  Ag,  or  0.00134  per  cent.;  but 
in  a  rock  containing  4  per  cent,  of  such  pyrite,  which  was  the  estimate 
obtained  by  a  careful  mechanical  separation  of  this  material  from  a  Pyritif- 
erous Porphyry  of  average  composition,  there  would  only  be  0.0156  ounce 
Ag  per  ton,  or  less  than  three-fifths  of  the  above  average  of  nine  specimens. 

A  mixture  of  galena  and  pyrite,  also  separated  from  the  rock  and 
assayed  by  itself,  gave  2.4  ounces  Ag  to  the  ton,  or  0.00823  per  cent.  From 
Table  III  it  is  found  that  the  eight  specimens  of  Pyritiferous  Porphyry 
tested  have  an  average  of  0.002025  per  cent  PbO  in  the  soluble  portion,  or 
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what  may  be  assumed  to  have  been  in  the  form  of  sulphide.  This  would 
correspond  to  0.002277  per  cent,  of  impure  galena,  assuming  impure  galena 
to  bear  the  relation  to  PbO  of  eight  to  nine.  If  this  galena  carries  0.00823 
per  cent.  Ag,  as  above,  0.002277  X  0.00823  =  0.0000177  per  cent.  Ag,  or 
0.0051  ounce  to  the  ton.  would  be  the  amount  it  contributed  to  the  total 
silver  contents  of  the  rock.  If  this  be  added  to  the  amount  to  be  derived 
from  pyrite,  0.0156  +  0.0051  =  0.0207  ounce,  it  is  still  less  than  the  average, 
0.0265  ounce,  given  for  the  above  average  rock. 

But  the  tests  for  lead  show  that  a  considerable  portion  is  contained  in 
the  silicates  (in  the  three  specimens  in  which  this  test  was  made,  about 
thi-ee-nfths  of  the  whole  amount) ;  and,  if  the  silver  is  assumed  to  be  neces- 
sarily associated  with  the  lead  in  the  rock,  this  would  amply  account  for 
the  remaining  0.0058  ounce. 

Of  the  other  porphyries  the  most  significant  are  the  Lincoln  and  the 
Gray,  which,  as  has  already  been  shown,  are  practically  the  same  type  of 
rock.  Both  have  a  much  larger  proportion  of  basic  silicates  than  the  White 
Porphyry.  Of  the  two  the  Gray  is  to  outward  appearance  the  more  de- 
composed, but  in  the  Lincoln  Porphyry  microscopical  examination  shows 
that  alteration  of  the  basic  silicates  has  already  set  in,  and  it  is  probable 
that  the  more  decomposed  appearance  of  the  Gray  Porphyry  is  due  to  the 
action  of  surface  waters  on  the  other  constituents,  mainly  the  feldspars.  It 
is  noticeable  that  the  Lincoln  Porphyry  from  Clinton  gulch,  which  con- 
tains the  most  silver,  is  the  only  one  which  contains  pyrite ;  also,  that  the 
others  are  from  a  region  where  there  has  been  a  considerable  concentration 
of  metals  in  ore  deposits,  which  is  not  the  case,  so  far  as  known,  in  Clinton 
gulch. 

With  the  exception  of  the  Sacramento  Porphyry  the  other  rocks  have 
no  apparent  association  with  important  ore  deposits.  It  is  significent  that 
the  diorite  given  in  Table  IV  contains  augite,  hornblende,  and  mica, 
whereas  two  other  diorites  assayed,  and  in  which  no  silver  was  found,  con- 
tained a  very  small  proportion  of  basic  silicates.  In  the  recent  eruptive 
rocks  there  is  also  an  apparent  relation  between  the  amount  of  basic 
minerals  and  the  contents  in  silver.  In  Nevadite,  in  which  they  are  almost 
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entirely  wanting,  no  silver  was  found,  while  the  trachyte  and  andesite, 
which  contain  more  of  these  minerals  than  the  Black  Hill  rhyolite,  also 
contain  more  silver. 

Although  the  above  facts  are  not  sufficiently  conclusive  to  afford  ab- 
solute proof  that  the  metallic  contents  of  the  deposits  were  entirely  derived 
from  the  eruptive  rocks,  they  certainly  show  the  possibility  and  even  prob- 
ability that  this  source  furnished  a  part  at  least  of  the  vein  materials. 

The  actual  percentage  of  metals  found  may  seem  very  small;  on  the 
other  hand,  it  should  be  remembered  that  the  amount  of  time  and  of  water 
allowable  for  the  leaching  process  may  have  been  almost  indefinitely  large. 
The  present  porphyry  bodies,  moreover,  are  of  enormous  extent  as  compared 
with  the  actual  size  of  the  deposits,  while  the  amount  of  porphyry  that  has 
been  removed  by  erosion  since  the  deposits  were  first  made,  though  it  can- 
not be  accurately  estimated,  must  have  been  even  larger. 

Possible  contents  of  porphyry  bodies. — In  order  to  show  that  even  with  the 
small  percentages  given  in  the  above  table  the  possible  contents  of 
the  porphyry  bodies  are  amply  adequate  to  account  for  the  amount  of  ore 
thus  far  developed  in  the  district,  a  hypothetical  calculation  will  be  made 
based  on  these  percentages  and  on  the  probable  bulk  of  one  of  the  por- 
phyry bodies,  taking  first  the  amount  assumed  to  exist  now  and  second  a 
conservative  estimate  of  the  amount  which  existed  at  the  time  of  original 
ore  deposition,  and  before  any  of  it  had  been  removed  by  erosion.  For 
this  purpose  the  Pyritiferous  Porphyry  will  be  chosen,  since  a  greater 
number  of  tests  of  this  rock  have  been  made  than  of  any  other. 

The  present  area  of  outcrop  of  the  Pyritiferous  Porphyry  may  be 
taken,  in  round  numbers,  as  5,000  X  10,000  feet  =  50,000,000  square  feet. 
If  it  is  assumed  that  it  originally  extended  westward  to  the  foot  of  Car- 
bonate Hill,  north  to  the  line  of  Yankee  Hill,  south  to  that  of  Printer  Boy 
Hill,  and  but  little  beyond  its  present  boundaries  to  the  eastward,  it  would 
have  covered  a  square  area  of  10,000X20,000  =  200,000,000  square  feet, 
or  four  times  the  assumed  area  of  its  present  outcrop.  The  specific  gravity 
of  Pyritiferous  Porphyry,  obtained  as  an  average  of  four  specimens,  is 
2.608.  Therefore  one  ton  (2,000  pounds)  of  this  rock  would  occupy  12.27 
cubic  feet;  say  12£  for  convenience  of  calculation. 
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This  porphyry  is  assumed  to  contain  4  per  cent,  of  pyrite  (FeS2rr4.00). 
From  Table  III,  Appendix  B,  its  contents  of  protoxide  of  lead,  as  an  aver- 
age of  the  eight  specimens  tested,  is  0.1'02025  per  cent,  in  the  soluble  por- 
tion ;  or,  assuming,  from  the  proportion  found  in  the  insoluble  portion  of  the 
three  specimens  in  which  it  was  tested,  that  this  represents  only  two-fifths 
of  the  entire  lead  contents,  the  average  contents  of  the  whole  rock  would 
be  PbO  =  0.0050625  per  cent.  From  Table  IV  the  average  of  ten  speci- 
mens assayed  for  silver  is  found  to  be  0.2773  ounce  per  ton,  or,  rejecting 
the  richest  of  these  ten  specimens  as  above  the  normal,  the  average  of  the 
remaining  nine  specimens  is  0.0265  ounce  silver  per  ton  of  Pyritiferous 
Porphyry. 

The  probable  thickness  of  the  porphyry  sheets  it  is  rather  difficult  to 
•estimate.  The  sections  as  drawn  give  a  maximum  thickness  of  about  fifteen 
hundred  feet,  and  an  unknown  thickness  has  been  eroded  away.  It  may 
not  be  unreasonable  to  assume  1,000  feet  as  the  average  thickness  of  the 
original  body.  From  the  above-assumed  data  would  be  obtained,  as  the 
contents  of  the  present  and  original  areas  of  Pyritiferous  Porphyry,  re- 
spectively, and  on  the  basis  of  the  two  different  values  for  lead  and  silver 
given  above,  the  following: 


Contents  of  Pyritiferous  Porphyry. 

Designation. 

In  area  of  pres- 
ent outcrop. 

In  area  of 
assumed  origi- 
nal body. 

4  000  000  000 

16,000  000  000 

Tons              .  . 

160  000  000 

C40  COO  OOfl 

(  at  0.002025  per  cent.  PbO  
Amount  of  galena  I 
(  at  0.0050025  per  cent.  PbO  

c  at  0.0285  ounce  per  ton  
Amount  of  silver  < 

Tons  
Tons  
Ounces  

8,  075,  000 
21,087,750 
106,  000,  000 
1  109  000  000 

34,  700,  000 
86,751,000 
424,  000,  000 
4  436  000  000 

To  obtain  an  actual  average  of  the  metallic  contents  of  this  or  any 
other  body  of  porphyry  would  have  required  a  systematic  sampling  of  the 
rock  and  the  taking  of  specimens  at  given  and  equal  distances,  not  only  on 
its  surface  but  through  its  mass  in  depth,  for  the  tests  already  made  show 
that  the  metals  are  not  evenly  distributed,  but  vary  in  an  apparently  arbi- 
trary manner.  Such  a  sampling  is  manifestly  not  practicable,  nor  would 
the  expenditure  of  labor  and  time  required  by  it  be  advisable  if  it  were, 
since  in  the  present  state  of  explorations  in  this  region  it  is  impossible  to 
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trace  with  any  degree  of  certainty  the  processes  of  original  ore  deposition. 
The  most  that  could  be  hoped  for  was  to  indicate  the  possible  methods  by 
which  the  deposition  might  have  taken  place  and  to  weigh  the  probabilities 
afforded  by  ascertained  facts  in  favor  of  one  or  the  other  of  these  methods. 
The  foregoing  reasons  seem  to  favor  the  probability  that  the  ores  may  have 
been  derived,  in  part  at  least,  from  one  or  more  of  the  bodies  of  porphyry 
which  occur  in  the  region,  and  the  above  figures  show  that  the  small  per- 
centages of  the  metals  still  existing  in  these  rocks  might  furnish,  an  ade- 
quate amount  of  material  to  form  the  known  ore  bodies. 

The  most  uncertain  element  in  all  these  calculations  and  hypotheses  is 
the  form  and  extent  of  the  porphyry  bodies  in  depth  beyond  the  limit  of 
present  explorations.  The  form  given  to  these  bodies  in  the  sections  is,  as 
has  already  been  stated,  only  hypothetical,  though  founded  on  deductions- 
from  many  actual  observations  and  in  all  probability  correct  in  its  main 
outlines.  Still  it  is  probable  that  there  are  more  vents  or  channels  from 
below  through  which  the  bodies  have  reached  their  present  position  than 
are  shown  there,  but  their  number  and  position  can  only  be  determined 
by  actual  exploration  It  is  possible  that  in  future  years,  when  mine 
workings  shall  have  been  extended  over  areas  where  the  ore  horizon 
exists  at  considerable  depths  below  the  surface  and  other  eruptive  channels 
have  been  found  and  critically  examined,  evidence  may  be  obtained  that 
ore  solutions  have  ascended  along  these  channels  from  below.  Such  evi- 
dence will  not,  however,  necessarily  preclude  the  derivation  of  part  of  the 
metals  from  the  country  rocks,  and  at  present  that  derivation  is  the  only 
one  which  has  the  support  of  actual  though  somewhat  indirect  proof. 

Another  element  of  uncertainty,  and  one  which  renders  it  difficult  to 
decide  from  what  particular  variety  of  porphyry  the  metals  of  the  deposits 
were  derived,  is  the  impossibility  of  determining  the  form  and  character  of 
the  porphyry  bodies,  which  have  been  removed  by  erosion,  as  they  existed 
at  the  time  of  original  ore  deposition,  and  upon  this  point  future  explora- 
tion will  throw  little  or  no  light. 
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TABLES  OF  ANALYSES  AND  NOTES  ON  METHODS  EMPLOYED. 
ERUPTIVE  ROOKS. 

TABLE  I. — ComplHe  analyses  of  eruptive  rocks  and  constituent  minerals. 

[The  Coll.  No.  is  the  number  given  to  the  specimen  in  the  collection  of  Leadville  rocks  deposited  in  the  Nationa 
Museum.) 


1 

2           3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Sp.  grar  
At  temp.  of. 

SiO,    

2.680 
16<>  C. 

70.74 

2,629 
260  C. 

73.50 

2.670 
160  C. 

66.45 
0.10 

2.636 
KPO. 
68.10 
0.07 

2.768 
160  C. 

56.62 

2.740 
16°  C. 

2.742 
160  C. 

56.19 

3.307 
23°  C. 

50.04 

45.03 

62.22 

64.81 
0.08 

74.45 

65.04 

51.70 

51.  1« 

TiCh 

AUC-3  

14.48 

0.69 
0  53 

|   38.14 

tl4.87 
(  0.95 
0.42 
0.03 
2.14 

15.84 
2.59 
1.43 
0.09 
2.90 

14.97 
2.78 
1.10 
0.09 
3.04 

^  a20.  33 

r    16.74 
(     4.94 
3.27 
0.  15 
7.39 

15.73 
1.67 
2.91 
0.08 
4.22 

14.72 

620.40 

16.12 
4.92 
4.43 
Trace 
6.99 
Trace 
Trace 

1.72 
0.30 
18.00 
0.36 
2.87 

2.15 

2.91 

FeO 

0.56 
«0.28 
0.83 

c!8.  30 
0.36 
3.81 

(J17.81 
0.12 
6.70 

MnO  

CaO 

0.06 
4.12 
0  03 


Trace 

2.95 

0.79 

BaO 

Trace 
0.28 
2.59 
2.29 

(«) 
2.09 
2.14 

Trace 

0.07 
1.21 
2.89 
3.92 

Trace 

0.84 
1  35 

0.08 
1.10 
2.93 
3.46 

Trace 
2.82 
1.43 
3.98 

(  FeSz  > 
(  0.90  5 

0.62 
1.08 

M<rO 

(/) 
9.44 
0.71 

0.29 
3.56 
3.46 

4.08 
1.97 
3.50 

(?) 
0.92 
1  15 

0.37 
4.53 
3.97 

Trace 
0.66 

4.60 
2.3V 
S.96 

25.09 

<S) 
(17) 

(?) 
(»> 

24.25 

w 

(9) 

(g) 

«7> 

21.74 

KjO 

8.31 
3.45 

Trace 
M.90 

9.74 
4.11 

Trace 
0.29 

Na*O 

0.27 

LitO 

4.06 

0.90 

1.28 
0  92 

1.03 

COz  
PjO.  
Cl  



0.36 
0.03 

0.10 
0.03 



Trace 

0.23 
0.03 

0.01 

0.27 
0.02 

Totals...1    100.29 

1 

100.12 

100.  09 

100.  11 

99.  1C 

100.73 

100.  59 

100.38 

100.  37 

99.90 

10».  04 

100.09 

99.59 

/A  little  MgO  present. 
i  Water  and  alkalies  not  tested  fur. 
A  By  ignition;  want  of  material  prevented  a  second  do- 
termination. 


a  Very  little  FesCh  present;  FeO  uot  determined. 

6  Includes  traces  of  FesOs. 

c  Includes  any  Fe-X)3  present. 

d  Calculated  from  the  FejOs  found. 

eMnOi. 

1  White  Porphyry.  Coll.  No.  27p.  Quarry  in  California  Gulch,  southwest  slope  of  Iron  Hill,  near  Leadvillo.  Com- 
posed chiefly  of  quartz  orthoclase,  and  plagioclase ;  no  biotite  or  hornblende;  little  magnetite ;  no  apatite;  feldspars  attacked; 
muscovite  and  calcito  secondary. 

2.  Muscovite  crystals  from  White  Porphyry.    Sheet  on  south  slope  of  Little  Zion.    Analysis  only  approximate, 
bein<*  made  to  prove  the  mica  to  be  muscovite. 

3.  Mount  Zion  Porphyry.    From  Little  Harry  shaft.  Prospect  Mountain. 

4  Lincoln  Porphvry.  Coll.  No.  75.  Summit  of  Mount  Lincoln,  Park  County.  Rock  nearly  fresh ;  contains  quartz, 
orthoclase  (large  crystals),  plagioclase,  biotito;  biotite  partly  changed  to  chlorite,  containing  rutile  (!)  needles;  some  mag- 
netite and  apatite ;  calcite. 

5.  Gray  Poiphyry.    Coll.  No.  59a.    Ncav  Onota  claim,  Johnson  Gulch,  Leadville.    Rock  nearly  freeh ;  contains  quartz' 
orthoclase  (largo  crystals),  plagioclase,  and  biotit*.    Details  same  as  for  4. 

6.  Largo  pink  crystals  of  feldspar  from  Gray  Porphyry  (No.  5).    Coll.  No.  59a. 

7  Porpbyrite     Coll  No.  120  (Trpe  V  of  table,  aeo  Appendix  A).    Near  the  Northern  Light  mine,  Lower  Buckskin 
gulch,  Park  County ;  intrusive  sheet.    Contains  abundant  plagioclase  and  hornblende,  and  little  biotite ;  quartz  and  ortho- 
clase  '())  in  groundmass.    Magnetite  and  little  apatite. 

8  Porphyrite.    Coll.  No.  2CO.    Typo  VI  of  table  (see  Appendix  A) .    Head  of  North  Fork  of  Mosquito  gulch.  Park 
County.    Dike  in  Archean.    Fresh.    Much  biotite  and  plagioclase ;  some  quartz  in  groundmass.    Very  little  hornblende, 

9e'N>evaaJte.Pac1oli.  No.  397.  Northeast  point  of  Chalk  Mountain,  Ten-Mile  district.  Contains  sanidine,  plagioclase, 
and  quartz  in  abundance;  little  biotito  and  magnetite. 

10   Sanidine  from  Novadite.    Coll.  No.  136.    Southern  edge  of  Chalk  Mountain. 

11.  Hypersthene-andesite.  Coll.  No.  144.  Buffalo  Peaks,  Park  County.  Very  fresh.  Plagioclase  and  hypersthene 
abundant-  considerable  augite,  magnetite,  apatite  ;  glass  base. 

12  Hypei8thenefromhvper«theuoanile*ite.  Coll.No.  144  (see  11).  The  hypersthene  for  this  and  the  two  following 
analyses  was  "separated  from  the  other  constituents  of  the  rock  by  hydrofluoric  acid,  as  recommended  by  Fouqu6  in  San- 
torin  et  BBS  eruptions. 

13.  Same  as  12,  but  of  a  different  sample. 

14.  Hypersthene  from  hypersthene-andesite.    Coll.  No.  150.    Buffalo  Peaks,  Park  County.    Particles  of  undecom- 
posed  feldspar  were  visible  attached  to  the  crystals  and  fragments  of  hypersthene  analyzed. 
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TABLE  II. — Silica  and  alkaii  determinations. 


So. 

Coll. 
No. 

Sock. 

Variety. 

Locality. 

SiOi 

K,0 

Na»0 

LisO 

1 

73  50 

3  50 

3  40 

o2 

27p 

...  do  

White  

70  74 

2  59 

2  29 

3 

230 

do  

do 

CO  51 

o4 

75 

....do  

ain. 

06  45 

2  89 

3  91 

5 

78 

...  do  

do 

64  1C 

2  42 

3  15 

C 

74 

...do  

..  do    

69  00 

07 

68 

59a 

....do  ... 
do 

Gray  

Near  Onota  Claim,  Johnson  gulch  

68.10 

2.93 
4  62 

3.45 

None 

9 

103 

....do  

65  05 

10 

08 

..  do  

....do  

Between    Buckskin   and    Mosquito 

63.85 

11 

95a 

...  do  

gulches. 

68  01 

612 

do 

do 

4  36' 

4  26 

13 

85a 

....do  

North  of  East  Leadville  

65.03 

2.57 

3.55 

14 

109a 

....do  

60.42 

615 

....do  

..do  

rerheels. 
Mount  Silverheels  

2.70 

4.08 

alO 

120 

56.6'' 

1  97 

3  50 

17 

131 

..  do  

do         

57.33 

18 

...do   

Ten-Mile  amphitheater     

57.76 

19 

132 

do 

biotite. 

54.54 

20 

121 

do 

do          

65.73 

„•>! 

260 

do 

64  80 

1  43 

3  9g 

None 

22 

130 

do  

do    

60.29 

23 

129 

....do  

do  

do    

59.26 

24 

137 

Rhyolit'-     . 

\cvadite 

71.4* 

a25 
2C 

307 
140 

..  do  
do 

..do  

Northeast  point  of  Chalk  Mountain... 
Southern  owl  of  I'lack  Hill 

74.45 
69.54 

4.53 

3.97 

Trace 

27 

268 

68.05 

3.50 

2.17 

28 

do 

do 

76  84 

29 

"69a 

do 

Little  E'len  s'laft  McXultv  gulch  .. 

65  75 

30 

-iil'.i 

do 

do                 

65.21 

31 

do 

Tufa 

Five  miles  below  Salt  Works,  South 

70.30 

3J 

J4'> 

Park. 

01.22 

33 
34 

1<3 
149 

Andesite  
do 

Hornblende  

Buffalo  Peaks,  northwest  Peak  

57.60 
66.50 

2.87 

3.87 

a35 

144 

do 

56.19 

2.37 

2.96 

36 

150 

do 

do 

60  36 

"          

a  Coin  pie  to  analysis  in  Table  I.  &  Analyzed  by  L.  G.  Eakins. 

NOTE.— Blanks  in  the  above  table  denote  simply  that  no  tests  were  made  fur  the  substance  indicated. 
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TABLE  IH. — Determinations  of  lead,  nine,  cobalt,  and  barium,  chiefly  in  eruptive  rocks. 


No. 

Coll. 
No. 

Rock. 

Variety. 

Locality. 

PbOin 
soluble 
portion. 

PbOin 
insolnble 
portion. 

ZnO 

CoO 

BaO 

al 

97n 

White 

0  C030 

0  Oi 

2 

54b 

do  

....do  

0.  0028 

03 

75 

..  do  

Lincoln  

Summit  of  Mount  Lincoln  

None. 

1 

4 

5Va 

do 

Gray  

0.0024 

0.  C034 

5 

do         .  . 

Eagle  River. 

Trace. 

Q 

56 

.    do 

..  do    

nessee  Pass. 

Trace. 

7 

Blue  

nessee  Pass. 
Twelve  feet  below  ore  body,  El  Capi- 

1 

i 

g 

130 

Biotite  

tan  mine. 

9 

124 

do     ... 

0.0006 

10 

326 

and  biotite. 
Eagle  River 

0  0080 

0  0008 

11 

269a 

Rhyolite 

Little  Ellen  shaft  McNnlty  gulch  

0.  0043 

0  0010 

I9 

90a 

Hartford  mine,  Breece  Hill  

0.  0053 

13 

90c 

do       .  .. 

..  do    

"White's  Hill,  west  of  Pilot  fault  

0.  0013 

14 

87 

do 

...  do  

White's  Hill,  between  Printer  Girl  and 

0.  0013 

0.  0029 

1~> 

do 

do    . 

Golden  Edge. 
White's  Hill  

0.098 

16 

93a 

do 

do    

do  

Trace 

do 

do 

18 

do 

do 

Head  of  White's  <»ulch    

0.  0030 

0.  0034 

19 
20 
21 
22 
23 

94a 
94 
288 
120 

...do  
....do  
....do  
Sandstone  .  . 
Pyrite  

...do  
..do    
..  do  
...  do  
From  Pyrit- 
i  ferous 
Porphyry. 

Printer  Boy  Hill  

Rebel  Warrior  mice,  Ball  Mountain  .... 
Wednesday  tunnel,  Ball  Mountain  
Snow  Bird  claim,  head  California  gulch  .  . 
Lalla  Rookh  mine,  Breece  Hill  

0.  0006 
0.  0030 
0.  0017 
0.0026 
0.  0019 





25 

217 

....do  

....do  

Northwest  slope  of  Mosquito  Peak  ..... 

0.0008 





(•Complete  analysis  in  Table  I. 

X.  B.— The  blauk  spaces  under  the  headings  PbO,  etc.,  do  not  indicate  absence  of  the  respective  oxides.    Where  no 
results  are  given,  no  tests  were  made. 

REMARKS   ON   TABLES  I,   II,   AND   III. 

Insoluble  silicates  were  decomposed  by  fusing  with  alkaline  carbonates  for  the 
determination  of  silica,  titauie  acid,  aud  all  bases  except  tbe  alkalies. 

Ferric  oxide  and  alumina  were  separated  either  by  pure  potassium  hydrate,  or 
more  generally  by  ammonium  sulphide,  after  addition  of  tartaric  acid  and  ammonia. 

For  the  determination  of  ferrous  oxide,  treatment  with  sulphuric  acid  in  sealed 
tubes  at  about  1300°  C.  was  employed  in  cases  where  complete  decomposition  of  the 
silicates  could  thus  be  effected,  and  the  solution  titrated  with  potassium  permanganate. 
For  the  decomposition  of  refractory  silicates,  pure  hydrofluoric  acid,  distilled  from 
a  platinum  retort,  was  employed,  the  solution  being  effected  in  platinum  vessels  with 
careful  exclusion  of  air.  The  iron  was  then  determined  as  above. 
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Barium  and  strontium  were  looked  for  in  the  precipitated  calcium  oxalate  after 
ignition,  and  estimated  by  the  method  given  by  Bunsen  in  his  treatise  on  Mineral 
Water  Analyses;  the  purity  of  the  resulting  compounds  of  these  elements  was  ascer- 
tained by  means  of  the  spectroscope. 

When  a  rock  wa*s  examined  merely  to  ascertain  the  presence  or  absence  of 
barium,  a  considerable  portion  (10  grams)  was  decomposed  with  hydrofluoric  and  sul- 
phuric acids,  the  soluble  salts  were  extracted  with  water  after  expulsion  of  the  hydro- 
fluoric and  excess  of  sulphuric  acids,  the  residue  was  fused  with  sodium  carbonate, 
extracted  with  water,  and  the  insoluble  part  collected  on  a  filter.  After  solution  in 
hydrochloric  acid,  the  barium,  if  present,  was  thrown  down  with  sulphuric  acid,  the 
precipitate  ignited  and  weighed,  and  after  decomposition  with  sodium  carbonate,  tested 
spectroscopically.1 

For  the  estimation  of  the  alkalies,  decomposition  was  effected  in  the  earlier  anal- 
yses by  hydrofluoric  and  sulphuric  acids;  in  the  later  by  heating  in  a  platinum  cruci- 
ble, with  calcium  carbonate  and  ammonium  chloride.  The  potassium  was  thrown  down, 
after  weighing  the  mixed  chlorides,  as  potassium-platinic  chloride,  and  calculated  from 
the  weight  of  the  latter,  the  sodium  being  found  by  difference.  Lithiuui  could  never 
be  detected  spectroscopically  in  the  potassium-platinic  chloride,  but  occasionally  in 
the  sodium  salt. 

Chlorine  was  determined  by  fusing  with  alkaline  carbonate,  extracting  with 
water,  acidifying  the  filtrate  with  nitric  acid,  and  precipitating  with  silver  nitrate. 

Phosphorus  pentoxide  was  always  determined  in  a  separate  portion  of  the  pow- 
der, and  water  by  ignition  in  a  hard  glass  tube  and  absorption  in  a  weighed  calcium 
chloride  tube.  The  loss  in  weight  by  treatment  with  acid  in  a  suitable  apparatus  gave 
the  carbon  dioxide. 

For  the  detection  and  estimation  of  lead,  large  quantities  (30-50  grams)  were 
employed.  Pyrite  and  other  soluble  salts  were  first  extracted  with  nitric  or  ni1.  ro- 
hydrochloric  acid;  the  filtrate,  together  with  copious  washings,  evaporated  nearly  to 
dryness  several  times  with  nitric  acid  ;  the  residue  digested  with  dilute  nitric  acid, 
and  the  solution  and  undissolved  matter  separated  by  filtration.  As  the  insoluble 
part  might  contain  a  trace  of  lead  sulphate,  a  warm  aiuinonuical  solution  of  ammonium 
tartrate  was  passed  repeatedly  through  the  filter,  and  to  the  filtrate  ammonium  sul- 
phide added.  Through  the  previous  nitric  acid  solution  a  strong  current  of  hydrogen 
sulphide  gas  was  passed  for  a  considerable  length  of  time,  the  precipitate,  mainly  sul- 
phur from  reduction  of  iron  salts,  collected  on  a  filter,  well  washed,  dried,  and  ignited 
gently  with  the  filter  paper  to  volatilize  the  sulphur.  A  few  drops  of  nitric  acid  were 
then  added,  and  heat  was  applied  to  dissolve  the  lead,  mostly  reduced  to  the  metal- 
lic state  by  the  carbon  of  the  filter  paper.  The  solution  was  filtered  onto  a  watch- 
glass,  and  to  this  was  added  the  nitric-acid  solution  of  any.  lead  sulphide  that  might 

1  Later  investigation  by  the  writer  seems  to  indicate  that  baryta  may  be  a  far  more  frequent  con- 
stituent of  eruptive  rocks  than  has  hitherto  been  supposed.  The  failure  to  detect  it  in  the  ignited  cal- 
cium oxalate,  where  it  is  usually  looked  for,  cannot  be  regarded  as  a  proof  of  its  absence  from  the  erup- 
tive rock  examined.  Experience  in  a  number  of  cases  has  shown  tbat  where  baryta  and  lime  are  in 
solution  in  as  high  a  proportion  as  1  of  the  former_to  4  or  5  of  the  latter,  in  presence  of  considerable 
ammonium  chloride,  an  almost  complete  separation  of  the  two  is  effected  by  double  precipitation  of  the 
lime  by  ammonium  oxalate.  The  solubility  of  barium  oxalate  appears  to  be  increased  by  the  presence 
of  magnesium  salts.  An  ordinary  spectroscope  repeatedly  failed  to  show  the  faintest  evidence  of  barii.m 
in  the  ignited  calcium  oxalate.  This  subject  will  be  more  fnlly  investigated.  (W.  F.  H.) 
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have  appeared  in  the  ammonium  tartrate  solution  above  mentioned.  As  a  trace  of 
lead  sulphate  might  have  been  formed  by  the  ignition  of  the  precipitate  by  hydrogen 
sulphide  and  have  escaped  solution  in  the  nitric  acid  added,  the  residue  ou  the  filter 
was  exhausted  with  ammonium  tartrate  and  tested  with  ammonium  sulphide.  The 
contents  of  the  watch-glass  were  then  evaporated  with  two  or  three  drops  of  sulphuric 
acid,  and  finally  gently  heated  to  expel  nitric  acid.  If  lead  was  present  it  could  now 
invariably  be  seen  at  the  center  as  white  powder.  This  was  collected  on  the  smallest 
possible  filter,  washed  with  alcohol,  dried,  ignited,  and  weighed  as  sulphate.  The 
latter  was  theu  scraped  as  far  as  possible  ou  charcoal,  and  carefully  reduced  with  a 
very  little  soda.  The  yellow  coating  of  lead  oxide  was  invariably  formed,  and  in  the 
soda  appeared  minute  metallic  buttons,  malleable  and  soluble  in  nitric  acid.  The 
solution,  concentrated  to  a  drop  or  two,  showed  a  bluish-black  precipitate  with  hydro 
gen  sulphide. 

The  portion  of  the  rock  insoluble  in  nitric  or  nitrohydrochloric  acids,  composed 
of  quartz  and  silicates,  was  decomposed  with  hydrofluoric  and  sulphuric  acids  purified 
by  distillation  from  a  platinum  retort,  and  dissolved  in  slightly  acidified  water,  after 
expulsion  of  the  hydrofluoric  and  excess  of  sulphuric  acids.  Solution  and  possible 
residue  were  then  treated  as  in  the  foregoing  for  the  separation  and  estimation  of  lead. 

For  the  estimation  of  zinc  and  cobalt,  large  quantities  (30  grains)  were  taken 
and  decomposition  was  effected  by  hydrofluoric  acid.  After  evaporating  with  sulphuric 
acid  and  igniting  to  expel  the  excess  of  the  latter,  solution  was  effected  in  hot  water 
slightly  acidified;  the  solution  saturated  with  hydrogen-sulphide;  from  the  filtrate, 
after  oxidation,  alumina  and  iron  thrown  down  by  ammonia;  the  precipitate  redis- 
solved  in  hydrochloric  acid  after  filtration,  and  reprecipitated.  This  being  repeated 
once  more,  the  combined  filtrates  were  evaporated  to  a  moderate  volume ;  the  alumina 
still  in  solution  was  thrown  down  while  boiling  by  ammonia,  and  this  precipitate  redis- 
solved  and  reprecipitated.  To  the  again  combined  filtrates  ammonium  sulphide  was 
added  to  throw  down  zinc,  manganese,  cobalt,  and  nickel,  if  present;  the  precipitate 
was  treated  on  the  filter  with  a  mixture  of  one  part  hydrochloric  acid  of  1.12  sp.  gr. 
and  six  parts  solution  of  hydrogen  sulphide.  The  zinc  and  manganese  in  solution 
were  thrown  down  again  by  ammonium  sulphide,  the  manganese  (being  present  in  very 
small  quantity)  extracted  by  dilute  acetic  acid,  while  the  zinc  sulphide  on  the  filter 
was  then  brought  into  a  weighed  platinum  crucible  by  means  of  hydrochloric  acid, 
evaporated  to  dryness,  and  ignited  with  mercuric  oxide  in  the  manner  recommended 
by  Volhard.  The  oxide,  after  weighing,  gave  the  characteristic  green  coloration  on 
igniting  with  cobalt  nitrate.  The  cobalt  sulphide  left  on  the  filter  after  extraction 
of  zinc  and  manganese  was  ignited  with  the  filter,  digested  with  nitrohydrochloric 
acid;  the  solution  rendered  alkaline  with  ammonia;  ammonium  carbonate  added;  the 
slight  precipitate  separated  by  filtration  and  the  cobalt  thrown  down  by  potassium 
hydrate.  The  ignited  oxide  tested  by  the  method  of  Jorisseii  showed  no  trace  of  nickel. 
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TABLE  IV.— Gold  and  ttftvr  rff/<-r«i»o*io»«. 


Xo 

Coll. 

No 

Formation. 

Locality. 

Silver, 
percental*. 

Silver, 
ounces  j>er 
ton. 

Gold, 
ounce  a  per 
ton. 

53 

Buckskin  amphitheater,  Mbria  slope  

0.000.024,0 

0.007 

N.MN- 

44* 

do  

None 

Do. 

4"» 

do               

South  base  ot  White  Ridge           

do 

Do. 

4Jb 

do     

do 

Do. 

do  

do  

Do. 

44 

do  

Head  Four-Mile  pilch  

...do  

Do. 

48 

do  

do 

Do. 

do  

Northwest  slope  of  Sheep  Mountain  

.  do  .    . 

Do. 

47 

do  

do  

...do  

Do. 

• 

:><« 

.  .  do   

1V»1I  v  Va  .den  mine,  west  dike    .                .... 

0.001,  MO 

0.37 

A 

:  ; 

&4b 

do  

Doll;  Varden  mine,  rut  dike  

0.000,481 

0.14 

(I) 

1  ' 

7S 

Lincoln  Porphyry  

Arkansas  Vallev,  east  aide,  above  Howland  

None  

Nor.,- 

-4 

do    

Clintoii  gnlch 

0.  000,  1&5 

0.045 

Do. 

14 

73* 

do  

0.000,034 

0.01 

Do. 

15 

?5» 

do 

,•  •   ^'  ,  -4 

i    >V7 

Do. 

V 

n 

...    do  

above. 

Mount  Lincoln  dike  on  aoath  lace  

a  000,017  1 

0.005 

Do. 

i: 

•:.Ma 

do  

Kaat  spur  Mount  Lincoln 

Do. 

i- 

B4u 

•    •   o  o  ii   ; 

0.01 

Do. 

il  i 

n* 

do  

North  of  Onota  shaft  

•0.000,  13? 

,   ,i|.' 

We 

do   

Llckacumdidrix  bore-hole,  I.ittlo  Siray  Horae 

0.000,  137 

0,040 

V'V,- 

Park. 

« 

IB 

»  AAA  A]  7   1 

vi,'. 

Do. 

••; 

^ 

Shaft  went  of  Tribune,  Breeoe  Hill    .      ... 

M  ,-.. 

Do. 

1 

to* 

do  

llaffonl  »haft,  I!IY«CI<  Hill    

0.000,375 

a  08 

Trace 

as 

do  

0.000,045 

a  013 

Do. 

g 

(  talon*  and  pvnl* 

South  of  Ace  of  lleart«,  Breece  Hill         

HI  -1  ; 

1400 

,-  ,•  .  , 

• 

S4» 

Prrite  

0.001.  J4 

SJ| 

: 

••- 

0.000.  It! 

i1    '   :  : 

(1) 

• 
,, 

do  
do  

Comatwk  Tunnel.  \Vliit<-'»  Hill  
\Ve»t  of  Pilot  fault.  White'*  Hill  

a  000.  111 

i    1      ;  .  •  ; 

|  |  o 

m 

Trace 

31 

Me 

do 

Head  of  White's  gulch 

None 

Kone 

Xone 

JJ 

do 

Above  Pilot  mine  Printer  Rov  Hill 

•     >    .4     ' 

0.01 

Do. 

a 

Mb 

do  

Aboro  Oiv  Citv  south  s»U-  of  California  gulch.. 

,1  |  o  "'-I    - 

0.018 

(Tj 

Ma 

Rebel  Warrior  shaft  Ball  Mountain 

0.000,079,  1 

('•  i>  •  i 

None 

, 
u 

118 

Diorite     

Rod  amphitheater  Buckskin  gulch     ..     . 

0.000  013,7 

|   i-  4 

Do. 

36 

r'« 

Porphvrita  

,    000  '""  s 

0.058 

Do. 

lldb 

0.000,048 

0.014 

Do. 

- 

lil 

do  

do  

Trace  (fl.. 

Do. 

;i 

M8 

do  

"Horae»hae"dikein  limestone  

...do  

Do. 

44 

1!» 

do 

Arkanaan  amphitheater 

O.OtO,017  1 

0  iX'l 

Do. 

41 

131 

do  

0.000,008,8 

0.001 

Do. 

4  • 

140 

Rhvolite  

Black  Hill  Smith  Park    ...     .             

0.000,  0*8,7 

I.4M 

Do. 

43 

143 

0.000,00,8 

•'  M 

Do. 

44 

14} 

••,....',•,  .,,!.,  ,-.,;,,  -,. 

We»t  slope  of  Buffalo  Peaks  ..  ..    .  .. 

a  ooo,  103 

i>  W 

Do. 

45 

Granite        

Xone  

Do. 

4« 

do 

Yankee  Hill,  south  of  Logan  shaft 

do  

Do. 

•  Complete  analysis  of  this  specimen  in  Table  I. 
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REMARKS  ON  TABLE  IV. 

For  the  estimation  of  Huch  extremely  small  quantities  of  silver  and  gold  at*  it  was 
supposed  some  of  the  eruptive  rocks  from  the  Leadville  region  might  contain,  and 
even  for  their  detection  alone,  a  most  extreme  degree  of  care  aud  precaution  was 
imperative.  It  being  necessary  to  operate  upon  large  quantities  of  material,  it  was 
decided  to  make  the  determinations  by  crucible  assay,  this  process  combining  the 
greatest  accuracy  with  the  least  expenditure  of  time.  It  was  found,  however,  after  a 
number  of  tests,  that  none  of  the  lead  or  litharge  obtainable  was  sufficiently  free  from 
silver  for  the  present  purpose.  The  silver  contained  in  the  lead  or  litharge  used  for 
an  assay  was  generally  so  largely  in  excess  of  that  in  the  powdered  rock  mixed  with 
it  that  the  prills  ot  silver  obtained  from  the  regular  assay  upon  rock  known  to  contain 
silver  and  from  a  check  assay  upon  the  lead  or  litharge  alone  frequently  differed  in 
weight  only  within  the  allowable  limits  of  error.  Recourse  was  then  had  to  lead 
;i«'tate,  of  which  several  lots  were  examined.  These  were  all  found  much  freer  from 
silver  than  either  of  the  substa:  ce«  previously  tested,  and  one  lot  of  commercial  acetate 
from  Malliuckrodt  &  Co.,  of  Saint  Louis,  Mo.,  was  used  for  all  the  assays  tabulated 
above. 

Preparatory  to  using,  it  was  dehydrated  by  fusing  in  a  large  iron  vessel  till 
sudden  swelling  up  and  solidification  of  the  whole  mass  took  place,  and  then  finely 
pulverized.  This  material,  containing  about  73  per  cent,  of  lead  by  assay,  was  found 
by  repeated  tests,  conducted,  as  given  below,  upon  the  same  amounts  as  used  for  the 
rock  assays,  to  carry  0.004  ounce  silver  per  ton  of  2,000  pounds,  or  0.0000137  per  cent., 
including  a  trace  of  gold  far  too  small  for  estimation.  The  latter  was  left  on  solution 
of  the  silver  in  nitric  acid  as  a  minute  black  speck,  indistinguishable  without  the  aid 
of  a  lens.  By  collecting  into  one  button  the  silver  from  500  to  600  grams  of  dehy- 
drated lead  acetate,  parting  with  great  care,  bringing  the  gold  upon  a  sheet  of  white 
writing  paper  and  flattening  it  out  with  a  knife  blade,  the  yellow  reflection  of  gold 
could  readily  be  observed  by  examination  with  a  lens,  and  sometimes  with  the  naked 
eye. 

The  process  of  assay  was  as  follows :  Four  Hessian  crucibles,  of  suitable  size, 
were  each  charged  with  one  assay  ton  (29,166  milligrams)  of  the  sample  to  be  assayed, 
two  and  one-half  assay  tons  of  the  dehydrated  lead  acetate,  and  a  proportionate 
amount  of  a  flux  consisting  of  soda,  borax,  and  a  little  argol.  After  mixing  well,  a 
layer  of  salt  was  placed  on  top,  and,  if  much  pyrite  was  present,  an  iron  nail  inserted, 
The  four  charged  crucibles  were  then  place  1  covered  in  a  wind  furnace  fired  by  coke, 
and  left,  with  proper  regulation  and  final  strong  increase  of  temperature,  till  fusion 
was  complete.  The  contents  were  then  poured  into  molds,  the  lead  regnli,  weighing 
each  about  55  grams,  reduced  by  scorification  in  a  muffle  to  a  smaller  size,  the  reduced 
reguli  united  two  aud  two  and  rescorified,  and  the  two  resulting  therefrom  again 
united  and  reduced  by  scorification  to  a  single  button  of  suitable  size  for  cupellation. 
Toward  the  end  of  cupellation,  which  was  always  conducted  with  the  greatest  care 
and,  as  nearly  as  possible,  under  the  same  conditions  of  temperature  for  each  assay, 
the  button  was  poured  from  its  cupel  into  another  one  immediately  behind  the  first, 
in  order  that  the  cupellation  might  be  finished  upon  a  smooth  bottom.  If  this  precau- 
tion was  neglected,  the  silver  button  was  occasionally  not  to  be  found  in  the  roughened 
surface  of  the  cupel.  After  a  little  experience,  no  loss  need  be  apprehended  in  pour- 
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ing  from  one  cupel  to  the  other.  The  silver  was  then  weighed  upon  an  Oertling 
assay  balance,  indicating  a  difference  in  weight  of  0.02  milligram  with  great  exactness 
and  of  0.01  milligram  with  tolerable  accuracy.  After  deducting  from  the  weight  of 
silver  found  that  due  to  the  lead  acetate,  which,  where  ten  assay  tons  had  been  used, 
would  be  0.04  milligram,  division  of  the  remainder,  if  any,  by  the  number  of  assay 
tons  of  rock  taken  gave  directly  the  contents  in  ounces  and  decimal  fractions  of  an 
ounce  troy  per  ton  of  2,000  pounds  avoirdupois,  since  29,166.6  ounces  troy  make  one 
ton  of  2,000  pounds  avoirdupois  and  an  assay  ton  contaius  29,166.6  milligrams.  The 
silver  was  then  dissolved  in  nitric  acid,  but  the  presence  of  a  trace  of  gold,  derived 
from  the  lead  acetate,  rendered  the  detection  of  gold  from  the  rock  impossible,  unless 
its  amount  considerably  exceeded  that  of  the  lead  salt.  An  example  will  best  show 
the  degree  of  accuracy  attainable.  Suppose  rock  and  lead  acetate  to  have  been  taken 
in  the  usual  amounts:  Four  assay  tons  (116.66  grams)  of  the  former  to  ten  assay  tons 
(291.66  grams)  of  the  latter,  and  the  final  silver  button  to  weigh  0.06  milligram. 
From  this  is  to  be  deducted  0.04  milligram,  and  the  remainder  divided  by  4,  the 
number  of  assay  tons  of  rock  tested,  gives  0.005  ounce  per  ton  as  the  accurate  result. 
Had  the  weight  been  0.05  milligram,  the  correctness  of  the  result,  0.0025  ounce,  might 
be  more  open  to  doubt,  as  the  balance  cannot  be  counted  upon  to  indicate  differences 
of  only  0.01  milligram  with  certainty.  Hence,  for  the  above  quantities  of  sample  and 
lead  acetate,  0.005  ounce  per  ton  is  about  the  limit  of  accuracy. 

There  will  be  noticed  in  the  table  occasional  instances,  notably  in  No.  41,  where 
lower  figures  are  given.  In  these  cases  the  amount  of  rock  assayed  had  been  increased 
without  at  the  same  time  increasing  the  lead  acetate.  In  the  case  of  No.  41  it  was 
impossible  to  decide  from  4  assay  tons  whether  silver  was  present  or  not,  though  the 
weight  seemed  to  slightly  exceed  0.04  milligram.  By  doubling  the  amount  of  sample 
and  using  still  only  ten  assay  tons  of  lead  acetate,  the  weight  of  the  silver  sensibly 
increased,  thus  showiug  beyond  reasonable  doubt  that  the  rock  was  argentiferous.  It 
did  not  appear  advisable,  however,  as  a  rule,  to  reduce  the  proportion  between  the 
weights  of  sample  and  lead  acetate  much  below  4 : 10  for  fear  the  reduced  lead  might 
not  be  sufficient  to  extract  and  collect  the  silver  entirely. 


LIMESTONES. 

TABLE  V. — Complete  analyses.     Dolomitic  limestones. 


c*o 

MgO 

MnO 

FeO 

COi 

SiOi 

AUOi 

FeiOi 

KjO 

N:i." 

HK> 

SOi 

P«Oi 

Cl 

I 

Org. 

FeS, 

Totals. 

I  ... 
II  .... 

26.60 
30.79 

17.41 
21.14 

Trace 

0.83 
0.24 

40.01 
46.84 

11.84 
0.21 

1.66 

0.27 

1.51 
0.21 

0.017 
0.030 

0.029 
0.062 

0.48 
0.22 

Trace 

Trace  0.  05 
Tracejo.  10 

Trace  a 

100.436 
100.  142 

0.03 

Trace 

00.000,022.  5  per  cent. 

I.  Type  of  the  Silurian  or  White  Limestone.    Co'J.  No.  164.    From  quarry  in  California  gnkh. 

n.  Type  of  the  Lower  Carboniferous  or  Blue  Limestone.    Coll.  No.  170.    Silver  Wave  claim,  Iron  Hill. 
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REMARKS   ON   TABLE   V. 

The  carbon  dioxide  and  the  water  of  the  above  analyses  were  estimated  as  in 
the  case  of  the  eruptive  rocks;  the  one  by  loss  in  weight  upon  treatment  with  hydro- 
chloric acid  iu  a  suitable  apparatus,  the  other  by  absorption  in  a  calcium  chloride 
tube. 

The  organic  matter  of  Analysis  II  was  determined  by  an  ordinary  combustion 
analysis,  after  dissolving  a  considerable  quantity  of  the  rock  in  dilute  hydrochloric 
acid  and  collecting  and  drying  the  insoluble  matter  upon  an  asbestus  filter.  The  car- 
bon dioxide  formed  was  caught  in  potash  bulbs  nnd  weighed.  For  58  parts  of  carbon 
found,  100  parts  of  organic  matter  were  assumed,  as  recommended  by  Freseuius. 

The  trace  of  iodine  shown  in  Analysis  I  was  detected  and  estimated  by  dissolv- 
ing one  pound  of  the  dolomite  in  nitric  acid,  precipitating  the  chlorine  and  iodine  as 
silver  salts,  reducing  the  latter  by  zinc  and  sulphuric  acid,  separating  the  iodine  by 
addition  of  potassium  nitrite,  collecting  it  in  carbon  disulphide,  and  titrating  with  a 
dilute  solution  of  sodium  hyposulphite.  Bromine  could  not  be  detected.  The  chlorine 
was  determined  on  from  five  to  ten  grams  of  rock  by  pi-ecipitation  with  silver  nitrate 
from  a  nitric  acid  solution. 

The  alkalies  were  estimated  by  igniting  twenty  grams  of  the  finely  powdered 
rock  in  small  portions  in  a  platinum  crucible  to  expel  carbon  dioxide,  extracting  with 
water  and  proceeding  as  in  ordinary  alkali  determinations.  As  the  amounts  of  alka- 
lies found  did  not  exceed  those  required  by  the  chlorine  to  form  chlorides,  but  rather 
fell  slightly  below,  due  perhaps  to  partial  volatilization  during  the  preliminary  calci- 
nation, it  seems  probable  that  the  chlorine  is  combined  with  sodium  and  potassium, 
and  possibly  small  quantities  of  calcium  and  magnesium. 

It  was  found  that  by  boiling  the  powder  with  water  without  previous  calcination 
a  portion  of  the  chlorine  and  alkali  could  be  extracted,  and  that  the  amount  increased 
as  the  pulverization  was  more  perfect.  The  total  amount  of  chlorine  thus  capable  of 
extraction  never  equaled  that  actually  present  in  the  rock,  however.  Microscopical  ex- 
amination showed  the  dolomites  to  be  full  of  extremely  minute  fluid  inclusions.  If  the 
chlorine  was  derived  from  these  inclusions,  where  it  might  be  held  as  sodium  and  po- 
tassium chlorides,  a  ready  explanation  is  afforded  for  the  incomplete  extractibility  of 
the  chlorine  by  boiling  water.  By  no  mechanical  pulverization  could  such  a  perfect 
subdivision  of  the  particles  be  effected  as  to  expose  all  the  inclusions;  a  considerable 
proportion  would  still  remain  intact  and  retain  a  corresponding  amount  of  chlorine. 
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TABLE  VI. — Lime,  magnesia,  at.d  chlorine  determinations. 


No. 

Coll. 
No. 

Horizon. 

Locality. 

CaCOi 

aMsCOj 

Cl 

1 

153 

25.43 

4  03 

2 

153c 

do 

48  05 

36  71 

Do 

3 

153.1 

53  16 

43  43 

Do 

M 

164 

.  do    

47.50 

36  56 

0  05 

5 

do 

36  27 

21  73 

ft 

do    

pact). 

34.30 

20  12 

Do 

7 

182 

do     

posed). 

49  30 

3'  49 

Do 

68 
9 

170 
•>88 

Blue  Limestone.  .. 
do 

Silver  Wave  claim,  Iron  Hill  

54.98 
55.14 

44.39 
44  29 

0.10 

10 

285 

do              

54  09 

43  79 

Do 

11 

170b 

do    

Empire  Hill  

Do 

12 

170a 

do 

58.80 

41  89 

Do 

13 

171b 

do 

54.30 

44  33 

Do 

14 

174 

do    

South  slope  of  White  Rid"e,  Horseahoo  gulch  

52.77 

36.01 

Do 

15 

....do  

London  mine,  London  Mountain  

52.88 

40.49 

1G 

291 

Weber  GritB 

54  34 

43  82 

17 

197 

do         

East  bank  of  Beaver  Creek  

54.32 

43  24 

Do 

18 

292 

....do  

Beaver  Creek,  west  base  of  Mount  Silveroeels  

53.91 

43.73 

19 

87  87 

6  93 

20 

ure. 
do 

97  n 

Trace 

21 

198 

Tri:i*      .. 

95  78 

1  53 

22 

]'.'-.  > 

99  11 

0  36 

1 

418 

97.54 

0  76 

?4 

Trias!  

Calcareous  ahule,  near  name  northeast  of  Fairplay  .... 

16.18 

12  01 

25 

...do   

do  

34  84 

26.35 

?« 

Marl  from  Greenback  shaft,  Graham  Park  . 

48.63 

1  42 

a  Includes  (FeMn)COi.  ((Complete  analysis  in  Table  V. 

N.  B.— Blank  spaces  in  above  table  denote  that  no  tests  were  made. 


REMARKS   ON   TABLE   VI. 

The  above  figures  for  calcium  and  magnesium  carbonates  have  been  calculated 
from  the  lime  aud  magnesia  actually  found.  With  exception  of  two  numbers  indicated 
by  b,  the  chlorine  was  determined  only  qualitatively  and  noted  as  "  trace,"  although 
generally  present  in  quantity  sufficient  for  estimation. 

TABLE  VII.—  Sei-pent'me  and  amphibole  from  dolomitic  limestones. 


No. 

ColL 
No. 

6iOi 

AM). 

Ferf), 

FeO 

MuO 

CaO 

MgO 

KiO 

Vi.'P 

HK) 

COj 

P,0i 

Cl 

Total. 

j 

40  15 

0  93 

1  28 

1  05 

2.08 

40.03 

012.88 

1  60 

100  00 

II 
III 

1G1 
161a 

17.64 
55  21 

0.99 
2.02 

0.62 
0.38 

0.18 
3.19 

Trace 
0.20 

32.24 
13.50 

19.01 
23.20 

Trace 

0.07 
Trace 

3.72 
1.07 

23.33 

0.05 

0.08 

99.93 
98.97 

a  By  difference. 

I.  A  layer  of  pnro  serpentine  on  limestone  from  east  side  of  lied  Amphitheater,  Buckskin  gulch,  Park  County. 
H.  Limestone  thoroughly  impregnated  with  seTpentine,  producing  a  light-yellow  rock.    No  pyroxene  or  auiphibole 
risible  under  the  microscope.    Same  locality. 

in.  Amphibole  with  some  pyroxene  from  limestone  containing  serpentine.    Same  locality. 


ORES  AND  VEIN  MATERIALS. 
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REMARKS   ON   TABLE   VII. 

In  connection  with  the  serpentine  of  Analysis  I,  it  was  found  by  treatment  of 
the  powdered  rock  with  very  dilute  hydrochloric  acid  that  the  carbon  dioxide  was 
combined  entirely  with  lime.  That  the  rock  is  a  true  serpentine  appears  from  a  cal- 
culation of  the  oxygen  ratios: 


Osygen  percentages. 

Oxygen  ratios. 

SiO»  =21.413 
FeO  =   0.233  >  ,6  245 
MgO  =  16.01'J  > 
HsO  =11.449 

EO(FeOMgO)  :  SiOs  :  HsO 
1  :  1.318  :  0.705 
3  :  3.95    :  2.11 
Required  by  theory  3:4        :  2 

Analysis  II,  after  deducting  calcium  carbonate,  shows  the  residue  to  have  a  com- 
position approximating  to  that  of  serpentine. 

The  mineral  of  which  III  is  the  analysis  was  obtained  in  an  apparently  pure  state 
by  treatment  with  dilute  hydrochloric  acid,  whereby  16£  per  cent,  of  the  whole  went 
into  solution  and  was  found  to  consist  chiefly  of  calcium  carbonate,  with  a  little  mag- 
nesia, ferrous  oxide,  and  phosphorus  pentoxide. 

ORES  AND  VEIN  MATERIALS. 
TABLE  VIII.— Sand  carbonates. 


i. 

II. 

HI. 

Adelaide. 

Little  Chief. 

Waterloo. 

PbO                  

80.  352 

75.  408 

77.  980 

AbOi 

0  444 

1.415 

0  467 

1  940 

0  299 

MnO 

0  137 

0.074 

MnOa 

1.386 

CoO 

Trace 

Trace 

ZuO 

0.095 

0  303 

0  335 

M<rO 

0  068 

0  056 

SiOa 

0  631 

1.972 

SbsOg 

0.  121 

AszOj 

Trace 

Trace 

p-O- 

1.532 

Trace 

6.480 

Of>. 

0.486 

COa 

14.  700 

14.  251 

10.180 

Cl 

0.255 

0.288 

O.F40 

HsO 

0  395 

1.140 

Ac 

0.009 

0.777 

0.047 

Au  

Trace 

Trace 

99  012 

99.744 

0  057 

99  555 

1  Sand  Carbonate,  On-  Coll.  No.  36,  Adelaide  mine,  North  Iron  Hill, 
n.  Sand  Carbonate,  Ore  Coll.  No.  33,  Little  Chief  n-ine,  Fryer  Hill. 
TTT   Sand  Carbonate,  Waterloo  mine,  Carbonate  Hill. 
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REMARKS   ON   TABLE   VIII. 

Consideration  of  Analysis  I  shows  that  the  carbon  dioxide  is  insufficient  for  com- 
bination with  all  the  lead  oxide,  and  that  the  chlorine  (entirely  soluble  in  nitric  acid) 
and  the  phosphorus  pentoxide  bear  to  one  another  the  exact  ratio  of  chlorine  and 
phosphorus  pentoxide  in  the  mineral  pyromorphite;  3(3PbO,  P2O5)  +  PbCl2.)  Calcu- 
lating from  the  chlorine  there  is  found  to  be  9.75  per  cent,  of  this  mineral.  The  carbon 
dioxide  is,  then,  somewhat  more  than  sufficient  for  the  remaining  lead  oxide,  forming 
86.CO  per  cent,  of  cerussite,  PbCO3. 

The  silver  exists  in  the  state  of  chloride,  as  shown  by  extracting  it  from  a  large 
amount  of  ore  with  ammonia. 

A  portion  of  the  ferrous  oxide  is  present  as  magnetite.  The  slight  excess  of  car- 
bon dioxide  above  that  required  for  the  lead  is  probably  combined  with  ferrous,  man- 
ganous,  and  calcium  oxides. 

Analysis  II  shows  plainly  that  pyromorphite  is  practically  absent  from  the  spec- 
imen of  ore  from  the  Little  Chief  mine.  The  lead  exists  mainly  as  carbonate,  with  a 
little  sulphate,  and  probably  a  small  amount  of  antimoniate.  A  yellow  substance  left 
unattacked  with  the  silica  and  silver  chloride  ore,  on  treating  with  nitric  acid,  gave 
reactions  for  lead  and  antimony.  The  silver  exists  altogether  in  the  state  of  chloride 
and  could  be  completely  extracted  by  ammonia.  The  total  chlorine,  found  by  fusion 
with  alkaline  carbonates,  extraction  with  water,  and  subsequent  precipitation  with 
silver  nitrate,  is  slightly  in  excess  of  that  required  by  the  silver,  but  it  was  found  that 
a  few  hnndredths  of  1  per  cent,  was  present  in  a  combination  soluble  in  water. 

Only  the  chief  constituents  from  the  ore  in  the  Waterloo  mine  (Analysis  III) 
were  estimated.  Starting  from  the  chlorine,  which  represents  that  soluble  in  nitric 
acid  alone,  the  ore  is  found  by  calculation  to  contain  32.07  per  cent,  of  pyromophite 
and  61.78  per  cent,  of  cerussite,  the  carbon  dioxide  exactly  sufficing  for  the  lead  oxide 
left  after  combining  the  elements  of  pyromorphite.  An  excess  of  1.44  per  cent,  phos- 
phorus peutoxide  is  probably  combined  with  alumina,  of  which  a  considerable  amount 
was  found  to  be  present. 

TABLE  IX. — Chloro-bromo-iodides  ofiilrer. 


I. 

II. 

III. 

Cl 

13  78 

9.80 

!I9  925 

I.  Ore  Coll  No.  39.    Eobert  E  Lee  mine  Fi  yer  Hill. 

Br 

85.63 

89  99 

I  

0.59 

0  Cl 

0.073 

100.00 

100.  00 

100.000 

II.  Ore  Coll.  No.  30c.    Arcic  ir.iuc.  Fryer  Hill. 

.AgCl.... 

AgBr 

21.59 
77  99 

15.73 

84  09 

09.800 

Ill    Ore  Coll    Vo  37     B>g  IMttsbur^h  mine  Fryer  Hill. 

Agl  

0.42 

0.10 

0.034 

1UO.  00 

100.00 

100.000 
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REMARKS   ON   TABLE   IX. 

The  figures  in  the  upper  series  represent  the  relative  proportions  of  01,  Br,  and 
I ;  those  in  the  second  series,  the  percentages  of  the  corresponding  silver  salts. 

The  ore  specimens,  having  first  been  treated  with  nitric  acid  to  extract  any  solu- 
ble chlorine  salts,  were  then  subjected  to  the  reducing  action  of  zinc  and  sulphuric 
acid,  whereby  the  silver  salts  were  entirely  reduced.  To  the  filtered  solution,  contain- 
ing all  the  chlorine,  bromine,  and  iodine,  potassium  nitrite  was  added,  the  liberated 
iodine  collected  in  carbon  disulphide,  separated  wiWi  the  latter  by  filtration,  and  esti- 
mated by  titration  with  dilute  sodium  hyposulphite  solution.  The  chlorine  and  bro- 
mine were  then  thrown  down  by  silver  nitrate,  the  precipitate  was  washed  thoroughly 
by  decantation,  brought  entirely  into  a  tared  vessel,  fused,  and  weighed.  As  suffi- 
cient material  had  been  taken  to  insure  several  grams  weight  of  mixed  chloride  and 
bromide,  the  estimation  of  the  halogens  by  entire  conversion  into  silver  chloride  in  a 
current  of  chlorine  gas  was  repeated  on  different  portions  with  very  closely  agreeing 
results,  of  which  the  above  are  the  mean.  In  Analysis  III  a  qualitative  test  failed  to 
indicate  the  presence  of  a  trace  of  bromine,  and  the  fused  silver  chloride,  when  heated 
in  chlorine  gas,  showed  no  change  whatever  in  weight.  The  silver  in  the  ore,  reduced 
by  the  action  of  zinc  and  sulphuric  acid,  was  not  estimated.  The  figures  in  the  second 
horizontal  series  above  are  therefore  obtained  by  calculation  from  the  chlorine,  bromine, 
and  iodine  found.  In  Analysis  I  the  proportion  of  AgChAgBr  is  4:11,  while  in 
Analysis  II  it  is  1 : 4. 
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TABLE  X. — Various  ores  and  vein  materials. 

X".  B.— With  the  exceptions  noted,  blanks  in  tbe  table  denote  "no  tests." 

1.  "Hard  carbonate,"  Scuoper  mine,  Yankee  Hill. 

2.  "Silicions  ore,"  £1  Capitan  mine,  Taylor  Hill. 

3.  "Gold  ore,"  Ore  Coll.  No.  60,  El  Capitan  mine,  Taylor  Hill. 

4.  Silicions  hematite,  Ore  Coll.  Ko.  84,  Chrysolite  mine. 

5.  "Iron  ore,"  Ore  Coll.  Ko.  90,  Kenosha  mine,  Long  and  Derry  Hill. 
G.  Altered  limestone  (tight  material),  Garden  City  mine. 

7.  Altered  limestone  (dark  material),  Garden  City  mine. 

8,  9,  and  10.  Specimen  showing  pyiile  altering  to  a  light  ocherouB  mass.    Ore  Colt  No.  44,  No  Name  gulch,  Lake  Co. 
8.  Nucleus  of  pyrite.    9.  Dark  zone.    10.  Light  outer  zone. 

11.  WLite  tilling  in  chert  nodule  from  porphyry,  Ore  Coll.  No.  300b,  Ben  Burb  shaft. 

12.  Chert  nodnle,  Ore  Coll.  No.  299,  £1  Paso  shaft. 

13.  Breccia  with  oie  cement,  Ore  Coll.  No.  53,  Evening  Star  mine. 

14.  Chert  under  ore  body,  Little  Pittsburgh  mine. 

15.  Granular  quartz  under  ore,  Ore  Coll.  No.  Sa,  Waterloo  mine. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Insoluble. 
8iO«  
PbO 

60.00 

a  20 

7.  36 

16.36 

54.28 

81400 
Trace 

11.960 
None 

10.08 

20.02 

o98.  03 

696.3 

C84.2 

97.9 

d81.29 

FeSi 

63.  61 
134.44 

Ferfh  .... 

Alvli, 

13.91 

10.380 
4.  100 

77.800 

54.14 

7.70 
None 
65.98 
1.00 

|  0.81 
0.39 

0.97 
1.S6 

73.42 

39.84 

MnO».... 
ZnO  

0.10 

22.86 
2.56 

CaO 

|«1.217 

eO.6094 

27  17 

24.15 

MeO 

{ 

19.49 
/12.  78 

16.71 

/S7.87 

Trace 

«0.09 

eO.06 

COj    

SOi   

Trace 

Trace 

HK>  

Ignition 

05.978 

1.830 

10.230 

M2.709 

4.22 

10.13 

5.82 

AK 

0.012 
Trace 

0.002 
0.011 

0.0002 
0.0004 

0.031 
None 

An 

Totals.  . 

100.000 

100.000 

100.000 

100.000 

178.90 

100.72 

100.78 

;95.41 

100.00 

100.00 

a  Remainder  FeiOi  and  AliOi,  no  water. 

b  Remainder  Fe»Oj  and  AlsOs.  Of  the  SiOt  3.06  per  cent,  was  soluble  in  n  moderately  strong  solution  of  pntaasium 
hydrate. 

c  Cementing  material  chiefly  pyromorphite,  with  some  galena  and  cemssitc,  also  a  little  calcite. 

d  Remainder  chiefly  PbCOi  and  FeiOj;  of  the  silica  3.93  per  cent,  was  soluble  in  a  moderately  strong  solution  of 
potassium  hydrate. 

e  By  difference. 

/Calculated. 

g  By  difference;  includes  some  PbO  and  Sb*O6 

h  By  difference;  includes  a  little  SV<  i ,. 

i  Remainder  chiefly  SiOi. 

.i  Remainder  U  S( ) .  and  HjO. 

REMARKS   ON  TABLE  X. 

The  analyses  of  the  above  table  were  made  without  view  to  completeness,  the 
object  being  iu  the  majority  of  cases  to  ascertain  merely  the  general  nature  of  the  ore 
or  material  under  hand.  As  this  appears  at  a  glauce  from  the  tabulated  results,  fur- 
ther remarks  are  unnecessary  except  iu  the  case  of  8, 9,  and  10.  The  specimen  showed 
a  nucleus  of  granular  pyrite  iu  process  of  decomposition,  ferric  oxide  being  observable 
throughout  the  mass.  This  very  irregular  nucleus  was  iuclosed  in  an  envelope  of  dark- 
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brown  hydrated  ferric  oxide,  the  boundaries  beiug  iu  places  rather  sharply  defined,  in 
others  indistinct.  The  dark  zone  was  iii  turn  surrounded  by  a  zone  of  light-brown 
oxide,  the  Hue  of  demarcation  being  very  regular  and  sharply  defined.  The  dark  oxide 
was  compact  and  flinty;  the  light  oxide  also  compact,  but  less  hard. 

TABLE  XI. — Alteration  products  of  porphyry. 


No. 

Ore 
Coll. 
No. 

Local  Dame. 

SHX 

AlsOa 

FeaOs 

FeO 

ZnO 

CaO 

MgO 

KsO 

NasO 

HjO 

S0> 

Totals. 

1 
2 
3 

4 

5 

C 

7 
8 

55b 
55a 
6«c 

56 
Sfib 

105a 
105a 
lOSb 

Kaolin  
Chinese  talc 
Kaolin,  

Chinese  talc 
....do  

...  do  
....do  
...  do  

48.72 
43.36 
4.55 

24.47 
27.89 

35.33 
85.97 
37.54 

34.01 
37.78 
35.60 

38.05 
33.79 

10.38 
8.81 
24.76 

0.56 

0.66 

1.  11 
0.30 
Trace 

0.30 
1.14 

0.71 
0.80 
0.71 

9.  88 
Tr 
2.73 

2.72 
2.  S3 

0.66 

0.67 
ace 
5.26 

1.30 
1.56 

0.30 

4.42 
17.95 
15.05 

16.67 
616.  51 

19.06 
17.40 
16.37 

100.  03 
99.91 
100.00 

101.  150 
100.00 

100.15 
100.  31 
100.10 

0.22 
Trace 

0.23 
0.53 

1.62 
1.87 
0.63 

Trace 
34.55 

15.48 
15.75 

2.26 
0.93 

0.77 

33.05 
35.40 
18.43 

eO.64 

a  Includes  0.23  PjOj. 


6  By  difference. 


c  Present  as  a  visible  imparity. 


Amie  mine,  in  ore  body.    Ore  Coll.  No.  55b. 

New  Discovery  mine.    Ore  Coll.  No.  55a. 

Big  Pittsburgh,  contact  of  Gray  Porphyry.    Ore  Coll.  No.  56b. 

Morning  Star  mine.    Ore  Coll.  No.  56. 

Swamp  Angel  tunnel,  contact  of  White  Porphyry.    Ore  Coll.  No.  5fib. 

Lower  Waterloo  mine.    Ore  Coll.  No.  105a. 

Lower  Waterloo  mine.    Ore  Coll.  No.  105a. 

Lower  Waterloo  mine.    Ore  Coll.  No.  lOob. 


REMARKS   ON   TABLE   XI. 

Owing  to  the  indefinite  nature  of  the  greater  part  of  the  peculiar  products  of 
alteration  represented  by  analysis  in  the  above  table,  it  is  impossible  to  ascribe  to  them 
distinctive  names.  Notwithstanding  the  great  external  similarity  of  all  but  the  first 
of  the  specimens  examined,  they  have  been  found  to  differ  most  widely  in  composi- 
tion, though,  aside  from  the  above  exception,  three  distinct  groups  may  be  recognized, 
namely:  First,  simple  hydrated  aluminium  silicates  allied  to  kaoliuite;  second,  mixed 
aluminium  silicates  and  aluminium  and  alkali  sulphates,  likewise  hydrated;  and,  third, 
certain  hydrated  aluminium  and  zinc  silicates,  also  mixtures. 

In  the  following  are  given  the  distinctive  physical  and  chemical  characteristics, 
accompanied  by  brief  discussions  of  the  analytical  results : 

No.  1,  grayish  white ;  compact,  but  of  hardness  considerably  less  than  1,  rubbing 
off  on  the 'fingers ;  luster,  pearly;  iusoluhle  iu  hydrochloric  acid.  Evidently  derived 
directly  from  porphyry,  since  honeycombed  remnants  of  feldspar  crystals,  and  even 
large  crystals,  an  inch  in  length,  showing  rough  faces,  occur  imbedded  in  the  mass. 
Under  the  microscope  it  appears  to  consist  of  crystalline  scales  without  definite  form. 

In  order  to  obtain  material  for  analysis  free  from  uudecomposed  feldspar,  it  was 
slightly  crushed  and  stirred  with  water  in  a  beaker,  whereby  it  became  thoroughly  dis- 
integrated, the  fine  matter  floating  and  imparting  to  the  water  a  beautiful  satiny 
appearance  similar  to  that  frequently  observable  in  streams  receiving  the  tailings  from 
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stamp  mills,  while  the  gritty  particles  fell  to  the  bottom.  By  pouring  off  the  sus- 
pended matter,  allowing  to  settle,  decanting  the  supernatant  liquid,  and  drying  the 
slimy  deposit,  an  apparently  pure  matter  was  obtained,  showing  the  pearly  luster  of 
the  original  mass,  and  containing,  like  that,  when  air  dried,  about  one-quarter  of  1 
per  cent,  of  hygroscopic  moisture.  This  is  not  included  in  the  above  analysis.  No 
further  loss  occurred  on  prolonged  heating  until  a  temperature  considerably  above 
100°  C.  was  reached,  while  a  strong  red  heat  was  requisite  for  complete  expulsion  of 
the  water. 

No  altogether  satisfactory  formula  can  be  deduced  from  the  figures  in  the  table. 
On  dividing  the  molecular  value  by  that  for  water,  as  being  most  accurately  deter- 
mined, the  ratio  is  found  to  be 

SiO2  :  A12O3  :  Rj(R)O  :  H2O 

9.93         4.09        1.87          3.00 
or,  approximately, 

10  :  4  :  2  :  3. 

As  no  other  specimens  of  a  similar  nature,  from  the  Amie  or  other  mines,  have 
been  observed,  by  analysis  of  which  it  could  be  ascertained  whether  the  above  ratio 
remains  constant  or  not,  it  would  be  rash  to  affirm  that  the  material  analyzed  repre- 
sents a  distinct  mineral  species,  the  final  product  of  the  alteration  of  the  porphyry 
from  which  it  is  derived. 

No.  2,  pure  white,  veined  with  maugane.se  dioxide  ;  compact,  hardness  about  2, 
rubbing  off  on  the  fingers  when  dry.  When  fresh  and  moist,  frequently  greenish  in 
color,  opaline  in  appearance,  and  semi-transparent,  especially  on  the  thin  edges,  becom- 
ing opaque  on  exposure.  Insoluble  in  hydrochloric  acid.  Portions  free  from  MuO2 
taken  for  analysis. 

It  was  found  that  after  two  or  three  years'  exposure  to  the  air  a  large  amount 
of  water,  3.36  per  cent,  of  that  given  in  the  analysis,  was  still  retained  in  a  very  weak 
state  of  combination,  apparently  as  hygroscopic  moisture,  since  it  escaped  over  sul- 
phuric acid.  No  further  loss  occurred  ou  heating  at  100°  C.,  nor  below  160°  C.  to  170° 
C.,  although  blackening  took  place,  due  to  carbonization  of  organic  matter.  Dried 
over  sulphuric  acid  or  at  100°  C.,  the  powder  was  so  extremely  hygroscopic  that  it  was 
deemed  advisable  to  make  the  analysis  upon  air  dried  material.  The  percentage  of 
loosely  combined  or  hygroscopic  water  was  found  to  decrease  slowly  ou  long  exposure 
of  lumps  to  the  air,  so  slowly  as  to  be  perceptible  only  at  intervals  of  a  month  or  more. 
Deducting  all  water  driven  off  at  100°  C.,  the  molecular  ratio  SiOz  :  A1ZO3  :  H2O  is 
1.98  :  1.00  :  2.20,  thus  showing  the  substance  to  be  closely  allied  to  kaoliuite.1 

Nos.  3,  4,  and  5.  In  general  appearance  4  and  5  differ  little  from  the  substance 
last  described.  Color,  white,  streaked  frequently  with  iron  and  manganese  oxides; 
hardness,  after  long  exposure,  in  case  of  5,  about  2£.  Practically  insoluble  in  hydro- 
chloric acid.  No.  3  is  pure  white,  and  resembles  1 ;  it  contained  no  hygroscopic  water. 
No.  4  contained  but  1.23  per  cent. ;  while  No.  5  retained  4.58  per  cent,  of  the  same 
(included  in  the  analysis),  after  long  exposure  to  the  air  in  the  form  of  lumps. 

'The  same  is  fonnd  in  the  Morning  Star  consolidated  group  of  mines  according  to  L.  D.  Ricketts, 
one  of  whose  published  analyses  (The  Ores  of  Leadville,  Princeton,  1883)  shows  a  ratio  SiO2  :  Al2Oj : 
H2O  =  2  :  1:3,  probably  including  hygroscopic  or  weakly  combined  water. 
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The  air-dried  material  of  4  and  5  was  analyzed,  since,  when  dried  over  sulphuric 
acid  or  at  100°  0.,  the  hygroscopicity  was  such  as  to  render  accurate  weighing  out  of 
the  question.  In  very  lew  hours  No.  5  reabsorbed,  when  exposed  in  the  air,  over  half 
of  the  4.58  per  cent,  of  moisture  lost  at  100°  C. 

Consideration  of  the  analyses,  coupled  with  the  observed  insolubility  in  hydro- 
chloric acid,  shows  beyond  reasonable  doubt  that  these  bodies  are  mixtures  of  alunite, 
K2SO4+  ( A]2)S3Oi2+2H6(Al2)O6,  corresponding  in  formula  to  the  jarosite  of  the  following 
table,  or  of  an  allied  mineral,  with  different  indefinite  hydrated  aluminium-calcium- 
magnesium  silicates.  If  the  supposed  alunite  is  calculated  on  the  basis  of  the  sul- 
phuric acid,  the  residual  amounts  of  silica,  alumina,  lime,  magnesia,  alkalies,  and 
water  are  found  to  have  widely  different  and  not  very  definite  molecular  ratios  iu  each 
analysis. 

From  the  fact  of  No.  3,  which  is  mainly  an  aluminium-alkali  sulphate,  containing 
no  weakly  combined  or  hygroscopic  water,  the  hygroscopicity  appears  to  be  a  prop- 
erty of  the  hydrated  aluminium  silicates. 

Nos.  6, 7,  and  8.  Similar  in  appearance  to  the  simple  hydrated  aluminium  silicates 
represented  by  analysis  2.  Nos.  6  and  7  were  taken  by  Mr.  L.  D.  Eicketts  from  one 
locality  in  the  mine,  No.  8  from  another.  The  fiist  and  second  were  not  to  be  distin- 
guished from  each  other  by  the  eye,  being  brilliantly  white  (greenish  under  certain 
conditions  of  light),  opaline  and  semi-transparent,  while  the  third  was  veined  with 
iron  and  manganese  oxides  and  possessed  in  a  less  degree  the  pronounced  couchoidal 
fracture  of  the  others.  On  exposure  they  became  opaque,  and  after  some  mouths 
possessed  a  hardness  of  about  3.  Nos.  6  and  7  were  entirely  and  readily  decomposed  by 
strong  hydrochloric  acid  when  finely  pulverized,  while  upon  8  the  action  of  the  acid 
was  not  so  marked,  though  still  energetic.  The  hygroscopicity  of  these  substances, 
especiall-  of  the  first  and  second,  is  extraordinary.  Over  sulphuric  acid  No.  6  lost 
11.64  per  cent,  of  water,  while  No.  7  lost  10.26  and  No.  8  but  5.30  per  cent.,  these 
amounts  being  included  in  the  tabulated  results  of  analysis.  Exposure  to  a  tempera- 
ture of  100°  C.,  and  even  15C°  0.,  occasioned  no  further  loss  in  weight,  but  the  presence 
of  organic  matter  made  itself  manifest  by  the  blackening  of  the  powder.  The  dried 
material  reabsorbed  moisture  with  great  rapidity.  It  was  at  first  supposed  that  these 
were,  mixtures  of  calainine  with  some  hydrated  aluminium  silicate.  But  if  from  the 
molecular  values  those  for  zinc  oxide  are  eliminated  and  proportionate  amounts  for 
silica  and  water  subtracted,  on  the  supposition  that  calamine  is  present,  the  ratios 
between  the  remaining  molecular  values  are  not  the  same  as  should  be  the  case  if  the 
mixture  consisted  in  all  these  cases  of  calamine  and  one  other  definitely  constituted 
mineral.  Moreover,  on  decomposing  with  hydrochloric  acid  no  gelatinizatiou  takes 
place,  and  not  even  a  trace  of  silica  goes  into  solution,  an  argument  against  the  pos- 
sibility of  the  presence  of  either  calainiue  or  willemite.  The  molecular  values,  con 
sidered  altogether  for  each  analysis,  do  not  present  relations  sufficiently  definite  to 
allow  of  supposing  any  one  of  the  specimens  to  represent  a  single  mineral  species. 
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TABLE  XII. — Alteration  products  of  galena  andpyrite. 


No. 

Ore 
Coll. 

No. 

SiOi 

Fe»0i 

AWH 

C«0 

MgO 

K,0 

NfeO 

HsO 

PbO 

Bi,0s 

AssOj 

P.O. 

S03 

Cl 

Totals. 

1 
2 
3 

4 

106a 

lOOb 
106c 
106d 

None 
0.30 
0.36 

40.70 
42.98 
44.40 

None 
0.20 
0.23 

0.06 
0.64 
None 

0.00 
None 
None 

5.33 
6.31 
0.15 
2.12 

1.68 
0.83 
0.37 
0.57 

10.54 
10.12 

8.99 

4.27 
8.27 
19.50 

0.08 
None 
None 

0.46 
0.42 
0.39 

0.08 
1.58 
0.11 

30.53 
27.81 
25.07 

0.02 
0.26 
0.04 

99.81 
99.72 
99.1 

5 

lOGe 

0  3U 

0  77 

Q 

106f 

1  06 

0  18 

7 

106ff 

4.04 

0  57 

1.  From  Maid  of  Erin  mine,  under  White  Porphyry.    Contains  0.0048  Ag  and  trace  of  An. 

2.  From  Morning  Star  (I  orsaken)  mine,  under  Gray  Porphyry.    Contains  0.0036  Ag. 

3.  From  Lower  Waterloo  mine,  nn'ler  Gray  Porphyry.    Contains  0.075  Ag. 

4.  From  Morning  Star  (Forsaken),  under  Gray  Porph.vry. 

5.  From  Morning  Star  (Forsaken),  under  Gray  Porphyry. 

6.  From  Morning  Star  (Forsaken),  under  Gray  Porphyry. 

7.  From  Silver  Cord  mine,  under  White  Porphyry. 


REMARKS   ON   TABLE   XII. 

Notwithstanding  the  great  similarity  in  appearance  of  all  the  specimens  of  which 
the  above  are  analyses  they  are  rather  complex  mixtures  in  very  varying  proportions 
of  several  mineral  substances.  They  all  show  a  similar  chemical  behavior.  Heated 
in  a  closed  tube,  water  is  first  evolved,  the  substance  then  changes  from  an  ocherous, 
or  sometimes  brownish  yellow,  to  dark  brown,  and  later  sulphuric  and  sulphurous  acids 
escape.  The  same  changes  occur  in  an  open  tube.  On  charcoal  with  soda  there  appears 
sometimes  a  slight  coating  of  arsenic  trioxide,  accompanied  by  a  smell  of  arsenic  and  the 
reaction  for  lead.  Entirely  insoluble  in  boiling  water.  Nitric  acid  in  the  cold  extracts 
part  of  the  lead  oxide;  also,  arsenic^and  phosphorus  pentoxides  and  usually  chlorine. 
Continued  boiling  with  nitric  acid  seems  to  decompose  the  iron  minerals  completely. 
Warm  hydrochloric  acid  effects  complete  decomposition,  and  no  trace  of  a  ferrous  salt 
can  be  detected,  even  if  solution  has  been  effected  in  an  atmosphere  of  carbon  dioxide. 
Caustic  alkalies  also  decompose  them  completely,  all  the  sulphur  trioxide  and  arsenic 
and  phosphorus  peutoxides  going  into  solution,  whereby  the  analysis  is  materially  sim- 
plified. Various  tests,  combined  with  a  consideration  of  the  three  complete  analyses, 
show  that  the  lead  is  present  as  anglesite  and  pyromorphite1 :  in  No.  2  as  the  latter 
mineral  alone,  the  lead  oxide,  phosphorus  pentoxide,  and  chlorine  being  in  the 
exact  proportions  reqnired  for  the  formula  (3 Pi>O,  PjOs)  +  PbClz.  The  AsjOsisnoi 
present  in  the  corresponding  chloro-arseniate  of  lead,  as  shown  by  the  fact  that 
the  proportion  of  P2O5  to  that  part  of  the  Cl  not  combined  with  silver  is  always  the 
same  as  in  pyromorphite,  and  that  there  is  insufficient  lead  for  both  phosphorus  and 
arsenic  pentoxides  together,  as  in  No.  2,  where  it  exactly  suffices  for  the  phosphorus 
pentoxide.  The  arsenic  pentoxide  is  therefore  undoubtedly  present  as  a  hydrateii 
ferric  arseuiate,  By  combining  in  the  first  place  chlorine  and  phosphorus  pentoxide 
with  lead  oxide  and  the  remainder  of  the  latter  with  sulphur  trioxide,  definite  conclu- 
sions may  be  reached  as  to  the  composition  of  the  remainder  of  the  mixture.  Analyses 


'The  pyromorphite  is  sometimes  visible  in  bunches  of  small  crystals. 
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1  and  2  (especially  the  latter)  show  that  the  chief  constituent  in  these  cases  is  probably 
jarosite,  K2SO4+(Fe2)S3O12+2H6(Fe2)O6.  As  there  remains  a  slight  excess  of  SO3  and 
Fe2O3  after  combining  the  constituents  of  this  mineral  on  the  basis  of  the  alkalies 
present,  a  basic  ferric  sulphate  is  to  be  assumed  as  a  further  constituent  of  the  mixture. 

Analysis  3  shews  little  pyromorphite,  much  anglesite,  little  jarosite,  and  much 
hydrated  basic  ferric  sulphate,  of  which  latter  it  is  impossible  to  determine  the  formula 
definitely,  since  it  is  not  known  how  much  ferric  oxide  and  water  maybe  combined 
with  the  arsenic  pentoxide. 

The  remaining  partial  analyses  were  made  to  ascertain  whether  or  not  the  alkalies 
were  constant  constituents  of  this  class  of  products  of  alteration  of  the  original  vein 
material.  Qualitative  tests  showed  that  pyromorphite  and  auglesite  were  occasionally 
present  in  greater  amount  than  shown  in  analyses  1,  2,  and  3.  Arsenic  pentoxide  was 
found  in  very  considerable  quantity  in  the  material  from  the  Silver  Cord  mine  (7). 


TABLE  XIII.  —Miscellaneous  alteration  products. 


No. 

Rock. 

Locality. 

SiOs 

1?$}  *»° 

f 
NasO 

Soluble 
in  HC1. 

Loss  by 
ignition. 

Totals. 

1 

Altered  White  Porphyry  

71.2 

14.5    :    33 

0  7 

alO  0 

99  7 

a 

do  

...  do  

72.8 

t 

do  

75  8 

j 

4 
5 

Altered  White  Limestone  
Altered  Blue  Limestone  

Buffalo  Peais  
...  do  

97.1 

97.7 





A 

do  

do  

78.9 

7 

Flint  Kernel!)  

....do  

c98.  18 

1  84 

100  00 

8 

Altered  opaline  coating  d  

...do  

«87.42 





2.58 

100.00 

a  Consists  of  calcium  carbonate,  with  a  little  magnesium  and  less  manganese  carbonate. 

b  Specific  gravity  at  18J°  C.  =  2.670.    Hardness,  6. 

c  Soluble  in  strong  solution  of  potassium  hydrate  after  four  to  five  hours'  digestion  =  65.73  per  cent. 

d  Specific  gravity  at,  lej''  C.  =  2.023.    Hardness  5.5. 

e  Soluble  in  strong  solution  of  potassium  hydrate  after  four  to  five  hours'  digestion  =  97.42. 
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TABLE  XIV. — Assays  of  orct,  vein  materials,  and  country  rocki. 


No. 

Ore 
Coll. 
No. 

Name. 

Mint-. 

Remarks. 

Ag. 

Au. 

1 

Ores. 

O2.  per  ton. 

Oz.  per  ton. 

2 
3 

35b 
35d 

do  
do                 .  ... 

Morning  Star,  fourth  level  north  .  .  . 

Compact  
White  sand 

10.00 
41  00 

Trace 

4 

35c 

do       

13.80 

Do 

5 

35c 

do  

do  

do  

25  40 

Q 

91 

do                . 

22.  10 

None 

7 

40 

Chloride       

With  cerussittj  .  .  . 

82.20 

ft 

45 

level. 

17  90 

Do 

Q 

42» 

do              

levels. 

S3  go 

10 

<jo        

93  40 

Do 

11 

do 

do                            .... 

81.  00 

12 

41 

..do  

Scooper,  east  drift  

Very  silicions  

3.50 

Do. 

13 

26a 

353  20 

14 

27 

do   

516  40 

Do. 

15 

27e 

4°0  00 

18 

27e 

do             

28  60 

17 

No.  15. 
Galena                   .  ... 

443  80 

Do 

18 

27b 

A  T  mine  150  feet  deep          

breccia. 

9  80 

Do 

10 

28d 

pyrite. 

20  00 

20 

51 

2  90 

Strong  tr 

21 

49 

.do            

2  00 

0  10 

22 

48 

..do    

Lower  Printer  Boy,  middle  abaft, 

0.50 

23 

13 

Vein  material*. 

second  station. 
Vanderbilt,  at  120  feet  

10  00 

24 

84 

do        

Chrysolite       

9.10 

25 

Silicious  iron  -. 

Hvdrated  

2.90 

Do. 

do 

0  50 

Do 

27 

do 

1  10 

Do. 

28 

Black  iron    

Chrysolite-  Vulture  No.  1  

7.80 

0.20 

29 
30 
31 



do  
Hematite  

Climax,  upper  working  
Breece  Iron,  upper  shaft  
do    

do  

do  
With  pyrite  

8.90 
0.30 
Trace 

None 
Do. 
Do. 

32 

4  00 

Do 

33 

Country  rock*. 

Catalpa,  east  incline,  near  bottom.  .. 

Black  and  altered  

0.50 

Do. 

34 

do               

.do    

0.30 

Do. 

35 

White  Limestone  

0.40 

Do. 

36 

do 

Altered 

0  50 

37 

0.70 

38 

do     

Chrysolite,  west  of  Vulture  No.  1  ... 

85.70 

Trace 

39 

do 

Chrysolite  near  Little  Chief  line 

0  70 

Do. 

40 

do 

0.40 

end. 
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ARGENTIFEROUS  LEAD  SMELTING  AT  LEADVILLE.1 

INTRODUCTION. 

When  Mr.  S.  F.  Emmous  intrusted  me  with  the  duty  of  reporting  on  the  smelters 
of  Leadville,  he  directed  me  to  insist  on  the  mechanical  appliances  offering  a  special 
interest,  to  lay  special  stress  on  the  chemical  phenomena  of  the  blast  furnaces,  and  to 
examine  carefully  the  different  furnace  products  of  the  smelting  works.  The  fact  that 
metals  and  other  substances  sparingly  distributed  throughout  the  mineral  deposits  of 
the  Leadville  mining  camp  are  concentrated  in  these  products  gave  a  special  interest 
in  this  study,  which  had  a  direct  bearing  upon  the  geology  and  mineralogy  of  the 
district  under  survey. 

The  fine  analytical  laboratory  of  the  Survey  in  Denver  made  this  study  possible; 
and  I  trust  that  the  numerous  new  facts  and  discoveries  resulting  from  it  will  prove 
interesting  and  useful,  not  only  to  the  metallurgist  and  miner,  but  also  to  the  chemist 
and  geologist. 

In  order  to  render  as  intelligible  as  possible  the  description  of  the  plant,  appa- 
ratus, and  implements  used  in  smelting  in  Leadville,  I  took  the  measurement  of  the 
most  interesting  portions,  and  made  from  them  rough  sketches,  which  were  afterwards 
completed  and  corrected  by  Mr.  W.  H.  Lefflngwell,  assistant  topographer  of  the  Survey. 
The  disposition  of  the  inside  of  inaccessible  parts,  such  as  the  dust  chambers,  was  ex- 
plained to  me  by  the  superintendents  of  the  smelters.  Some  tracings  of  furnaces, 
blast  apparatus,  and  dust-chambers  were  kindly  given  by  Messrs.  Billing  and  Eilers, 
owners  of  the  Utah  smelter;  James  Briertou,  of  the  Harrison  Reduction  Works;  August 
Werner,  of  the  Elgin  Smelter;  and  by  Messrs.  Eraser  and  Chalmers,  of  Chicago,  man- 
ufacturers of  a  great  number  of  the  furnaces  and  smelting  implements  used  in  Leadville. 
The  full  description  of  the  crushers  and  blowers  was  also  kindly  communicated  to  me 
by  the  respective  manufacturers.  The  sketches  accompanying  this  report,  most  of 
which  are  drawn  to  scale,  have  been  prepared  from  these  data  by  Mr.  Morris  Bien, 
assistant  topographer,  and  engraved  by  Mr.  Julius  Bien,  the  well-known  engraver. 

1  In  consequence  of  the  sudden  death  of  Mr.  Antony  Guyard  at  Paris,  France,  on  the  29th  of 
March,  1884,  it  was  impossible  to  have  his  aid  in  the  final  revision  of  this  report  for  the  press.  In 
making  this  revision  I  have  received  most  important  assistance  from  Mr.  W.  F.  Hillebrand,  who  was 
present  in  the  laboratory  at  the  time  Mr.  Guyard  was  making  his  analyses.  We  have  confined  our 
changes  to  obvious  clerical  errors  in  calculations,  and  to  minor  alterations  of  language  which  would 
render  his  meaning  clearer,  changes  which  in  no  way  affect  his  conclusions.  It  is  possible  that  could 
Mr.  Guyard  have  been  personally  consulted  he  might  have  made  other  modifications  in  his  report, 
but,  in  view  of  his  great  experience  and  reputation  as  a  metallurgical  chemist,  I  have  not  felt 
authorized  to  do  more  than  offer  a  few  suggestions  in  foot-notes,  where  his  meaning  seems  obscure  or 
liable  to  be  misunderstood.  (S.  F.  E.) 

613 


614  GEOLOGY  AND  MINING  INDUSTRY  OF  LEADV1LLE. 

During  iny  visits  to  the  smelters,  I  was  received  everywhere  with  the  greatest 
courtesy,  both  by  miners  and  superintendents,  supplied  with  all  information,  and 
allowed  to  inspect  thoroughly  every  part  of  the  works.  I  was  at  the  same  time  re- 
quested not  to  publish  the  uames  of  the  smelters  in  connection  with  information  which 
might  betray  their  private  interests.  In  compliance  with  this  request,  in  the  follow- 
ing report  the  principal  smelters  have  been  designated  by  letters  in  all  cases  where 
it  seemed  possible  that  the  publishing  of  their  names  might  be  detrimental  to  their 
interests.  All  analyses,  where  not  otherwise  specifically  designated,  have  been  made 
by  me  in  the  laboratory  of  the  Survey. 

SECTION  I. 
PRELIMINARY    CONDITIONS    OF    SMELTING. 

LEADVILLE. 

Situation. — The  city  of  Leadville  is  situated  10,150  feet  above  the  level  of  the  sea, 
in  the  Rocky  Mountains,  valley  of  the  Arkansas,  California  mining  district,  Lake 
County,  State  of  Colorado.  It  is  placed  in  direct  communication  with  Denver,  the 
capital  of  Colorado,  and  thence  with  the  east,  by  means  of  the  Denver  and  South  Park 
Railroad  and  the  Denver  and  Rio  Grande  Railroad,  both  lines  running  on  the  same 
track  between  Bneua  Vista  and  Leadville. 

The  young  city  of  Leadville,  which  did  not  exist  three  years  ago,  is  full  of  bustle, 
life,  and  excitement,  and  had  a  population  at  the  last  census  (1880)  of  about  15,000 
inhabitants,  but  which  fluctuates  a  good  deal.  It  is  built  on  a  mesa  or  terrace  formed 
of  rearranged  moraine  material  brought  down  by  large  glaciers  which  once  existed 
there,  and  is  surrounded  on  all  sides  by  hills  and  mountains  rising  from  three  to  four 
thousand  feet  above  its  level.  The  most  conspicuous  points  are:  on  the  west  side, 
Mount  Elbert  and  Mount  Massive;  on  the  east  side,  Ball  Mountain,  the  Mosquito  Pass, 
and  Mount  Sheridan ;  and  on  the  north  side,  Mount  Zion,  above  the  Arkansas  River. 

MINES. 

Most  of  the  lead  and  silver  mines  are  situated  to  the  eastward  of  Leadville  (north- 
east, due  east,  and  southeast),  in  the  localities  known  as  Fryer  Hill,  Carbonate  Hill, 
Iron  Hill,  Printer  Boy  Hill,  Long  and  Derry  Hill,  Little  Ellen  Hill,  Stray  Horse  gulch, 
and  Iowa  gulch.  As  the  names  of  the  mines  and  of  their  ores  recur  frequently  in  this 
report,  some  information  concerning  them  has  been  tabulated  below. 

The  geological  information  was  kindly  communicated  by  Mr.  E.  Jacob,  geol- 
ogical assistant  to  Mr.  S.  F.  Emmons,  and  the  output  data  were  taken  from  the  Lead- 
ville Weekly  and  Monthly  Circular,  which  receives  its  information  direct  from  the 
mine  superintendents. 

In  Table  I  is  given  the  daily  output  of  the  working  mines,  whose  names  are 
arranged  alphabetically  and  grouped  according  to  locality. 


OUTPUT  OF  LEADVILLE  MINES. 
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TABLE  I.— Leadtille  mines. 


Name  of  mine. 

Chief  rocks  passed  through  by 
the  shafts. 

Daily  out- 
put in  tons. 

Date  of 
output. 

Fryer  Hill. 

"Wash  and  White  Porphyry  . 

30 

Au<*  21  1880 

do  

75 

Au"   21  1880 

do  

20 

Aug  21  1880 

do  

g 

Aug  21  1880 

do  

12 

July  15  1880 

Little  Chief    

do  

110 

Aug  21  1880 

Little  Pittsburgh 

.    do    

25 

Au<*  21  1880 

do  

25 

Dec      4  1880 

do  

40 

Aug  21  1880 

do  

10 

Au<*  24  1880 

Carbonate  Hill. 

White  Porphyry  

5 

Dec.  20  1879 

do  

35 

Dec.  20  1879 

do                           ; 

10 

Aug  21  1880 

do 

10 

Aug  21  1880 

do 

GO 

Dec      4  1880 

do 

20 

An"  21  1880 

Half  Way  House  

do 

10 

Dec    20  1879 

Little  Giant  

do  ... 

5 

Aug.  21  1880 

do  

Co 

Au".  21,  1880 

do  

20 

Aug.  21  18fO 

Yankee  Doodle  ,  . 

do  

5 

Dec.   20,  1879 

Stray  Horse  gulch. 
Double  Decker  

North  Iron  Hill. 

Quartzlte  

2J 
5 

Dec.  20,1879 
Dec    20  1R79 

White  Porphyry 

10 

Dec.   20  1879 

Iron  HUl 

150 

Aug  21  1880 

La  Plata      

do 

20 

Aug  21  I860 

Silver  Wave  

do 

18 

Aug  21  1880 

do 

5 

Dec    20  1879 

Tucson  

do  

15 

Dec.   20  1879 

Dome  HiU. 
Hock  and  Dome  

White  Porphyry  

25 

Ang  21  1880 

Yankee  HiU. 
Chieftain     -          

g 

Aug  21  1880 

10 

Dec    20  1879 

Breece  HiU. 

25 

Aug  21  1880 

Highland  Chief  

100 

Au"  21  1880 

Little  Prince  . 

do 

5 

Dec    20  1879 

Miner  Boy  

5 

Dec    20  1879 

Little  Ellen  Hill. 
Little  Ellen  

White  Porphyry 

10 

Aug     7  1880 

Virginias  

5 

Dec    20  1879 

Long  and  Derry  HiU. 
Belcher  

5 

Dec    20  1879 

White  Porphyry 

5 

Dec    20  1879 
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The  aggregate  daily  output  of  the  mines  whose  output  has  not  been  indicated 
in  Table  I  reaches  30  tons,  and  the  average  daily  output  for  all  the  mines  may  be  said 
to  reach  from  700  to  800  tons  during  the  year.  It  will  be  seen  that  the  smelting 
capacity  of  the  camp  of  Leadville  is  about  700  tons  per  24  hours,  so  that  the  margin 
left  for  the  shipment  of  ore  is  rather  small. 

ORES. 

In  Leadville  the  ore  deposits  are  almost  invariably  found  in  limestone,  which  they 
apparently  have  replaced.  Table  I  shows  that  the  ore  deposits  are  only  reached 
through  masses  of  various  porphyries,  and  occasionally,  at  the  outcrops,  through 
limestone. 

Description — The  ores  of  Leadville,  composed  chiefly  of  carbonate  of  lead  or  cerus- 
site  and  of  galena  or  sulphuret  of  lead,  are  divided  into  two  great  classes,  the  hard 
carbonates  or  lumps  and  the  sand  or  soft  carbonates,  and  each  class  is  subdivided  and 
designated  by  letters  or  numbers,  according  to  the  assay  contents  and  value.  In  these 
ores  silver  exists  chiefly  in  the  state  of  chloride  and  of  chloro-brouio-iodide.  Some  of 
the  constituents  of  the  ores  have  been  found  in  an  isolated  state;  pyromorphite,  or 
chloro-phospbate  of  lead,  and  wulfenite,  or  molybdate  of  lead,  in  the  Little  Chief  mine; 
anglesite,  or  sulphate  of  lead,  in  most  mines ;  silicate  of  lead  in  small  reddish  crystals; 
an  as  yet  unknown  mineral  in  the  Evening  Star  mine  (this  mineral  was  found  by  Mr. 
Emmous  and  examined  by  myself,  but  the  quantity  was  not  sufficient  to  make  a  com- 
plete examination) ; '  cerargyrite,  or  chloride  of  silver,  in  the  Chrysolite  mine,  and  em- 
bolite,  or  chloro-bromide  of  silver,  in  most  mines ;  shapbachite,  or  sulphuret  of  bismuth, 
lead,  and  silver, in  the  Florence  mine;  andbismuthiferouslanarkite,orsulfato-carbouate 
of  lead  and  bismuth,  in  the  same  mine. 

Chief  ores — The  following  description  will  show  what  are  the  chief  ores  in  the  prin- 
cipal mines : 

Adelaide. — Large  crystals  of  cerussite,  cemented  by  coarse  clay. 

Agassiz. — Sand.    Light-yellow  ocher. 

Belcher. — Hard.  Compact  masses  of  mixed  oxides  of  iron  and  manganese,  im- 
pregnated with  small  and  indistinct  crystals  of  galena  and  cerussite. 

Catalpa. — Hard.  Flinty  looking  masses  of  even  grain,  impregnated  with  indis- 
tinct cerussite  crystals.  This  is  the  typical  "  hard  carbonate"  of  the  camp. 

Chrysolite. — Hard.  Masses  of  indistinct  crystals  of  cerussite,  cemented  by  oxides 
of  iron  and  manganese,  both  anhydrous  and  hydrated  ;  color,  brown,  reddish,  and 
yellow. 

Crescent. — Sand.     Pale-yellow  ocher  and  pale-yellow  and  whitish  masses. 

Dunkin. — Hard.  Fine  crystalline  galena,  imbedded  in  a  hard  silicious  cement; 
also  distinct  and  indistinct  crystals  of  galena  in  a  kind  of  chert. 

Dunkin. — Sand.    Light  yellow  ocher. 

Dyer.— Hard.    Flint,  impregnated  with  galena. 

Evening  Star. — Hard.     Hard  carbonate. 

Florence. — Sand.  Masses  with  a  dull-blackish  tinge  (bismuthiferous  lanarkite), 
and  also  shapbachite,  with  a  metallic  luster  similar  to  bismuthinite  and  stibnite. 

Great  Hope. — Hard.    Hard  carbonate. 

1  It  is  probably  dechenite,  which  has  since  been  found  in  determinate  quantity  by  Dr.  lies. 
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Highland  Chief. — Sand.    Masses  of  indistinct  crystals  of  cerussite,  not  cemented. 

Homestake. — Hard.  Masses  of  galena  and  pyrites  in  small  crystals,  cemented  with 
dolomite  and  siderite. 

Hibernia. — Sand.    Soft  clay,  with  indistinct  cerargyrite,  but  no  cerussite. 

Iron. — Hard.  Crystalline  masses  of  distinct  and  indistinct  crystals  of  cerussite, 
cemented  with  oxide  of  iron ;  part  of  the  carbonate  of  lead  colorless,  part  with  a 
blackish  tinge  (in  examining  the  lanarkite  of  the  Florence  mine  it  was  found  that  this 
tinge  is  due  to  sulphuret  of  silVer);  also  hard  masses  of  pure  galena  in  large  crystals, 
cemented  by  small  ones;  also  masses  of  large  and  small  distinct  crystals  of  cerussite, 
cemented  by  manganiferous  oxide  of  iron ;  also  masses  of  hematite  and  occasionally 
red  and  yellow  ocher ;  also  nodules  of  cerussite,  cemented  with  ocher. 

La  Plata. — Sand.    Bluish-black  and  yellow  masses  of  small  crystals  of  cerussite. 

Matchless. — Sand.     Soft  silicious  masses  impregnated  with  cerussite. 

Morning  Star. — Hard.    Hard  carbonate. 

Rock. — Hard.  Masses  of  crystalline  cerussite,  with  yellow  spots  of  ocher  and 
greenish  spots  of  embolite;  also  most  varieties  previously  described. 

Robert  E.  Lee. — Sand.  Chloride  ore.  ocherous  yellow  (a  qualitative  examination 
of  this  ore  showed  that  the  ocher  contains  a  considerable  quantity  of  antimouiate  of 
iron);  the  silver  exists  in  the  state  of  embolite,  containing  a  very  small  quantity  of 
iodide  of  silver. 

Virginius.— Hard.     Uniform  masses  impregnated  with  cerussite. 

It  must  be  noticed  that  the  principal  varieties  described  here  are  to  be  found  in 
most  mines,  although  the  bismuth  ores  are  confined  to  the  Florence  mine,  and  those 
free  from  lead,  or  dry  ores,  are  found  mainly  in  the  Lee  and  Hibernia  mines.  A  glance 
at  the  assays  of  ores  made  at  different  smelters  will  give  a  correct  idea  of  the  relative 
contents  of  the  ores  in  lead  and  silver,  and  also  in  gangue  and  iron,  so  that  these 
assays  have  a  mineralogical  and  geological  signification,  as  well  as  a  commercial  one 
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A  complete  examination  of  the  ores  from  every  mine  would  have  formed  a 
most  interesting  chapter,  but  the  field  of  investigation  opened  in  Leadville  was  so 
vast  that  its  accomplishment  would  have  involved  a  far  greater  time  than  could 
be  given  to  this  study,  which  has  therefore  been  perforce  restricted  to  the  most  impor- 
tant points. 

Carbonate  ores — The  interesting  observation  was  made  that  when  cerussite  is  tinged 
with  black  this  color  is  due  to  sulphuret  of  silver,  so  that  to  some  extent  the  richness 
of  the  ore  in  silver  can  be  ascertained  by  the  eye.  The  following  exhaustive  analyses 
of  the  carbonate  ore  of  two  of  the  principal  mines  of  Leadville  were  made  by  Dr.  W. 
F.  Hillebrand  in  the  laboratory  of  the  Survey  at  Denver: 

Analysis  I. — Adelaide  ore.  Sand  in  lumps,  formed  of  masses  of  small  crystals  of 
colorless  cerussite,  cemented  by  cerussite,  clay,  and  oxide  of  iron. 

Analysis  II.— Little  Chief  ore  (sand  in  lumps).  Formed  of  masses  of  distinct  and 
indistinct  small  crystals  of  cerussite  with  a  bluish-black  tinge,  full  of  whitish  and  yel- 
lowish spots  and  cavities. 
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ANALYSIS  I.—  Adelaide  ore. 

Oxide  of  lead 79.550 

Chloride  of  lead 0.990 

Peroxide  of  irou 0.  467 

Alumina 0. 444 

Protoxide  of  iron 0.  299 

Protoxide  of  manganese 0. 137 

Oxide  of  cobalt Trace 

Lime + 0.303 

Magnesia 0.068 

Gold Trace 

Silver   0.009 

Arsenic Trace 

Water 0.395 

Phosphoric  acid 1.  532 

Sulphuric  acid Tiace 

Silica 0.651 

Carbonic  acid .  14.700 


Total 99.545 

(Hillebraud.) 
Gold,  jV  of  an  onnce  to  the  ton. 

Silver,  2|  ounces  to  the  ton. 

Discussion.  —  This  aualysis  shows  that  the  Adelaide  ore  is  composed  of: 

Carbonate  of  lead  (PbO,  COi) 85.605 

Pyromorphitc  3  (3PbO,  PjO6)  +  PbCl» 9.748 

Carbonates,  silicates,  and  oxides 4.647 


100.000 

All  the  constituents  of  these  minerals,  which  are  widely  distributed  iu  Leadville, 
will  be  traced  later  iu  the  analytical  study  of  the  smelting  process. 

ANALYSIS  11.— Little  Chief  ore. 

Oxide  of  lead 75.408 

Peroxide  of  iron 1.940 

Alumina 1.415 

Oxide  of  cobalt Trace 

Protoxide  of  manganese 0.074 

Peroxide  of  manganese 1.386 

Oxide  of  zinc 0.095 

Lime 0.335 

Magnesia 0.056 

Silica 1.970 

Arsenic  acid Trace 

Antimonic  acid 0. 121 

Water 1.  140 

Carbonic  acid 14.251 

Phosphoric  acid Trace 

Sulphuric  acid 0.486 

Chlorine 0.288 

Silver 0.777 

Gold Trace 

Loss ,  0.258 


Total 100.000 

(Hillebrand.) 
Silver,  336.6V  ounces  to  the  ton. 
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Discussion. — In  this  ore  pyromovphite  is  replaced  by  anglesite,  the  sulphuric  acid 
of  which  plays  an  important  part  in  smelting.  Some  of  the  constituents  of  this  ore — 
arseniates,  sulphates,  and  antimoniates — will  be  found  in  an  almost  unaltered  condi- 
tion in  some  of  the  furnace  products  (accretions).  The  presence  of  zinc  gives  a  special 
interest  to  this  analysis,  for  the  reason  that  this  metal  is  found  in  every  furnace  prod- 
uct— lead  fumes,  accretions,  bullion,  and  slags.  But,  although  the  two  preceding 
analyses  are  typical  of  the  carbonate  ores  and  contain  their  most  important  elements, 
they  do  not  show  the  metals  molybdenum,  titanium,  bismuth,  nickel,  cadmium,  copper, 
and  tin,  which  have  also  been  found  in  the  furnace  products,  and  appear  to  be  pretty 
widely  distributed  in  the  camp,  though  generally  in  very  small  quantities.  It  is,  how- 
ever, evident  that  certain  substances  are  entirely  wanting  in  some  ores.  For  instance, 
a  special  examination  of  the  Little  Chief  Smelter  slag  failed  to  detect  more  than  traces 
of  titanic  acid,  showing  that  this  substance  does  not  exist  in  the  Little  Chief  ore, 
although  it  is  to  be  found  in  most  Leadville  slags. 

Chloride  ores — In  Leadville  the  chlorides  of  silver  have  long  been  known  as 
cerargyrite  and  embolite,  of  which  they  have  the  characteristic  appearance.  The 
writer  made  a  special  qualitative  examination  of  the  embolite  found  in  the  Eobert  E. 
Lee  mine  (old  workings).  This  embolite  is  disseminated  in  the  peculiar  antimonifer- 
ous  ocher  already  spoken  of.  One  specimen  gave  chlorine  and  bromine,  with  a  little 
iodine;  another  gave  less  iodine  than  the  preceding,  but  more  bromine.  Dr.  W.  F. 
Hillebraud  has  made  the  following  analyses  of  the  chief  chlorides  of  Leadville: 

ANALYSIS  III.— Robert  E.  Lee  (chloride  ore). 

Chloride  of  silver 21.  580 

Bromide  of  silver  77.986 

Iodide  of  silver...  0.425 


100.000 
ANALYSIS  IV. — Amie  (chloride  of  rilver  contained  in  hard  carbonate). 

Chloride  of  silver 15. 755 

Bromide  of  silver  84.091 

Iodide  of  silver 0.154 

100. 000 

The  formula  of  this  chloride  is  4AgBr  +  AgCl(I),  a  very  small  quantity  of  iodine 
replacing  chlorine. 

ANALYSIS  V. — Big  Pittsburgh  ore. 

Chloride  of  silver 99.960 

Bromine  of  silver None 

Iodide  of  silver...  0.035 


100. 000 


At  the  Chrysolite  mine  a  magnificent  block  of  very  pure  cerargyrite  was  found, 
weighing  several  hundred  pounds.  . 

In  order  to  determine  the  relative  proportions  of  chlorine,  bromine,  and  iodine 
throughout  the  district,  a  mixture  was  made  of  lead  fumes  collected  in  the  dust  chain- 
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bers  of  eight  smelters.  The  following  figures,  obtained  by  analysis  of  this  mixture, 
may  be  taken  to  represent  the  relative  proportions  of  chlorine,  bromine,  ami  iodine  in 
the  silver  ores : 

Chloride  of  silver 89. 10,  equivalent  to  chlorine Si.  45 

Bromide  of  silver 10.  45,  equivalent  to  bromine 1(>.  83 

Iodide  of  silver 0. 45,  equivalent  to  iodine 0. 72 

100. 000  100. 000 

Special  stress  has  been  laid  upon  the  composition  of  the  chloride  ores,  for  the 
reason  that  they  play  an  important  part  in  lead  smelting  in  Leadville.  To  chlorine, 
bromine,  and  iodine  is  due  a  great  part  of  the  loss  in  lead,  not  only  because  chloro- 
bromo-iodide  of  lead  is  a  very  volatile  compound,  but  also  because  chloro-bromo-iodo- 
phosphates  and  sulphurets  of  lead  are  found  which  are  also  remarkable  for  their  great 
volatility. 

Average  of  ores — Mr.  Th.  Fluegger,  assayer  of  the  Harrison  Reduction  Works,  in 
Leadville,  has  published  in  the  Engineering  and  Mining  Journal  of  March,  1880,  an 
analysis  of  a  sample  from  1,000  tons,  representing  specimens  from  every  producing 
mine  in  Leadville.  This  analysis,  made  with  probably  insufficient  means  iu  the  lab- 
oratory of  one  of  the  smelters,  has  evidently  no  pretension  to  scientific  accuracy,  since 
some  of  the  elements — sulphur,  arsenic,  antimony — are  left  uncombined  and  since 
all  the  rare  elements  are  not  indicated.  It  is  given  here,  however,  because  upon  it 
have  been  based  the  main  features  of  the  chemical  discussion  of  the  blast  furnace. 

If  it  is  assumed  that  the  quantity  of  silver  reported  iu  this  analysis  is  correct,  it 
represents  an  average  quantity  of  silver  of  nearly  90.5  ounces  to  the  ton.  This  figure 
appears  exaggerated,  for  the  reason  that  the  proportion  of  silver  to  lead  is  one  ounce 
to  five  pounds,  while  in  practice  mixtures  aimed  at  contain  one  ounce  of  silver  to  six 
pounds  of  lead.  But  the  average  percentages  of  lead  (23),  iron  (18),  and  silica  (22.5) 
agree  precisely  with  the  general  composition  of  the  smelting  charges  in  Leadville. 

ANALYSIS  VI.— Average  ore. 

Carbonic  acid 5. 58 

Oxide  of  lead 24.77 

Silica 22.59 

Sulphur 0.90 

Protoxide  of  iron 0. 89 

Peroxide  of  iron 24.86 

Protoxide  of  manganese 4.03 

Silver 0.31 

Lime 2.36 

Magnesia 3.04 

Arsenic 0.01 

Antimony 0. 02 

Potash  and  soda 0.98 

Chlorine 0.09 

Water 5.53 

Alumina 3.99 

Gold,  copper,  zinc Trace 

99.95 

Silver,  90.5  ounces  to  the  ton ;  lead,  23  per  cent. ;  iron,  18  per  cent. ;  silica,  22.59 
per  cent. 
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Assays  of  various  ores — The  assays  of  the  first  division  of  the  following  table  were 
made  by  the  writer  in  June,  1880,  for  one  of  the  smelters.  The  silver  assays  present 
a  certain  interest,  since  they  were  made  in  crucibles,  whereas  the  ordinary  method  of 
silver  assay  at  Leadrille  is  that  by  scorification ;  the  lead  assays,  however,  are  the 
ordinary  fire  assays  usually  made  in  the  region. 

The  assays  given  in  the  rest  of  the  table  were  made  by  the  different  assayers 
attached  to  the  respective  smelting  works. 

TABLE  II. 
I. -ORE  ASSAYS. 


Name  of  mine. 

Lead. 

Silver  to  the 
ton. 

Gold  to  the 
toil. 

Per  cent. 
15  00 

Ounces. 

47.70 

Ounces. 

Do                                    

15.00 

30.00 

0.85 

Do                     

20.45 

8.80 

0.05 

Do     .  ..              

54.90 

12.60 

0.10 

Do  

21.45 

12.00 

0.10 

Do                                                

9.45 

34.15 

0.05 

45.80 

23.30 

Do 

0  50 

36.00 

Do 

11.30 

78.00 

31.70 

1,  189.  70 

1.70 

31.40 

1.50 

31.20 

42  00 

217.  30 

Do 

7  00 

194.85 

Do 

2.00 

37.  35 

5.80 

213.  80 

6.70 

119.  95 

Do 

0  50 

76.80 

Do 

17  00 

230.  90~ 

Do 

1.90 

36.25 

Belcher                                         

5.65 

33.10 

Do 

6.  BO 

39.50 

19.30 

235.  30 

Do 

27  50 

55.90 

44  35 

99.05 

1  80 

33.05 

Little  Giant 

28.00 

41.10 

Do 

40.00 

62.90 

Do 

54  00 

87  70 

25  20 

8.10 

Do  

34.50 

22.50 



II.— ASSAYS  MADE  AT  ELGIN  SMELTER,  AUGUST,  1880. 


Amie 

14  00 

180.00         

46.00 

12.  00        

30.00 

197.00    '     

33  00 

80.00              

37.50 

55.00           

33.70 

45.  00          

Little  Chief                         

35.00 

65.00         :  

40.50 

85.00 

48.00 

56.00        ;  

Pine                                                

28.00 

12.  00         

E  E  Lee                           

None 

185.00         
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TABLE  II  —  Contiuued. 
III.— ASSAYS  MADE  AT  MESSRS.  CUMMING  &  FINN'S  SMELTER,  JULY,  1880. 


Name  of  mine. 

Lead. 

Silver  to  the 
ton. 

Gold  to  the 
ton. 

Adelaide 

Percent. 
22  to  44 

Ovneei. 
12  to  20 

Ouneet. 
0  5  to  0  75 

Amie             

2  to  10 

20  to  1  100 

Chrysolite  

27  00 

40  to  SO 

22  00 

51  00 

Hibernia                         

5  to    1 

GO  to  180 

Little  Giant  

12  to  40 

14  to  80 

Morning  Star  

40  to  55 

35  to  40 

Virginius 

25  to  35 

8  to  32 

IV.-ASSAYS  MADE  AT  CUMMING  St.  FINX'S  SMELTER,  AUGUST,  1880. 


3.  (0 

40  00 

None 

100  00 

Hibernia  (clayith)    

None 

33.00 

Do                     

None 

DO  00 

None 

70  00 

Do                         .                ... 

8  00 

C.  TO 

60  00 

Morning  Star  (sand)  

55  00 

38.00 

Morning  Star  (hard)  

40.00 

32.  CO 

Do 

40  00 

36  00 

Morning  Star  (sand)  

47  00 

30  00 

Do  

55.00 

38.00 

V.-ASSAYS  MADE  AT  THE  HARRISON  REDUCTION  WORKS,  JULY,  1880. 


14.00 

49  60 

45.00 

141.00 

0.50 

23.50 

165  00 

48.70 

12.00 

27  00 

218.00 

Chieftain             

7.00 

76.00 

28  00 

97.  50 

None 

15.00 

17  70 

None 

35.50 

2.70 

8.00 

119.00 

13.50 

62.00 

General  Shields  (Sawatch  Range)  .... 

None 

53.50 
110  00 

0.10 

None 

6.  70 

4  10 

Independence  (Sawatch  Range)  

None 
40  50 

8.60 
79  00 

5.76 

16.00 

73.00 

Little  Chief    

16.00 

56.50 

Little  Pittsburg 

36.40 

266.00 

65.00 

61.00 

Nevada     

23.70 

16  00 

2.20 

Pine  

31.00 

12.00 

Ready  Cash        .  .    

3  70 

125.00 

9  20 

Robert  E.  Lee  

146.50 

At  the  smelters,  silica,  or  rather  that  mixture  of  silica  and  refractory  silicates 
insoluble  in  acids,  and  known  as  gangue,  is  determined,  as  well  as  the  per  cent,  of  iron. 


ASSAYS  OF  LEADVILLE  ORES. 


623 


The  following  will  give  an  idea  of  their  relative  proportions : 

TABLE  II— Continued. 
VI.-ASSAYS  MADE  AT  THE  CALIFORNIA  SMELTER,  JULY,  1880. 


Name  of  mine. 

Lead. 

Silver  to  ton. 

Iron. 

Gangne. 

Per  cent. 
5  CO 

Ounce*. 

40  00 

Percent. 
40  00 

Per  cent. 
20  00 

40  00 

40  00 

6.00 

12  00 

24  00 

30  00 

24.00 

46.00 

55  00 

40  00 

5.00 

16.80 

Robert  Emmet  

10  00 

12.00 

49.00 

12.00 

50  00 

30  00 

10  00 

10  00 

VII.— ASSAYS  MADE  AT  THE  HARRISON  REDUCTION  WORKS,  JULY,  1880. 


Chrysolite 

29.00 
Not  determined 
40.00 
16.00 
None 

97.50 

8.35 
37.10 

11.36 
30.80 
19.40 
17.30 
49.40 
47.00 

Climax  

Iron  

79.00 
J6.  50 
146.50 

Little  Chief.  

21.00 
17.30 
22.10 

RobertE.Lee  

Rock  

VIII.—  ASSAYS  MADE  AT  THE  GRANT  SMELTING  WORKS,  JULY,  1880. 

Catalpa  (hard)  

33.60 
45.  CO 
43.70 
21.90 
42.  fO 
1.00 

79.00 
61.60 
83.00 
47.75 
75.00 
80.00 

4.25 
5.40 
39.50 
25.30 
13.70 
3.70 
7.00 
6.80 
45.20 
25.70 
2.60 
11.70 
22.40 
13.00 
20.75 
14.40 
14.70 
19.90 
15.75 
3.85 
18.20 
11.00 
17.15 
49.30 
32.90 

41.30 
18.50 
27.80 
16.40 
14.60 
58.  CO 
49.00 
14.20 
8.60 
22.10 
15.10 
12.60 
17.00 
14.30 
12.50 
33.60 
17.  50 
28.30 
27.50 
15.00 
26.50 
14.20 
33.70 
17.70 
12.80 

Do  

Catalpa  (sand)  

Chrysolite  (It,  hard)  

Chrysolite  (A  sand) 

Dyer  

Do..  

23.90 
38.80 
None 
15.40 
33.70 
20.00 
33.30 
10.00 
18.80 
37.50 
9.35 
27.60 
55.00 

44.50 
45.60 
52.22 
144.00 
20.90 
55.00 
116  80 
25.00 
99.00 
80.00 
35.72 
100.  00 
5.50 

Highland  Chief  

Little  Chief  ..     . 

Do           

Little  Chief  (hard)  

Little  Chief  .  . 

Little  Chief  (sand) 

Little  Chief 

Little  Chief  (sand) 

Little  Chief  (galena)         ..        .  . 

Little  Pittsburgh  

42.30 

18.60 

7.15 
5.95 

35.36 
36.52 

Do                   
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TABLE  II  —  Continued. 
IX.— ASSAYS  MADE  AT  MESSES.  BILLING  <t  EILERS'S  SMELTER,  JULY,  1880. 


Name  of  mine. 

Lead. 

Silver  to  ton. 

Iron. 

Gangne. 

Per  cent. 

Ounea. 

Percent. 
25  00  to  45.  00 

Percent. 
12.  00  to  25  00 

Chrysolite  (bard) 

20  00  to  25.  00 

65  00 

23  50 

15  00 

Dome 

23  00 

16  00 

1.00  to  1.1.00 

50.  00  to  100.  00 

34  00 

32  50 

50.  00 

80  00 

Rock  (hard)            

36.00 

•              18.00 

18.10 

6.50 

Rock  (sand)    

18.15 

12.50 

Average  assays  of  all  theores  smelted 

30.27 

82.58 

X.-ASSAYS  OF  VARIOUS  ORES  MADE  AT  MESSRS.  CUMMING  &  FINN'S  SMELTER,  JULY,  1880. 


Adelaide  (sand) 

44  00 

20  00 

8  00 

15  00 

3.00 

40.00 

35  00 

13  00 

Aniie  (first  class)         

8.50 

300.00 

38.  50 

24.00 

4.50 

30  00 

35.00 

18.  00 

34.00 

72.00 

23.00 

16  00 

Chrysolite  (bard)      

10.00 

45.00 

26.00 

18  00 

22.  CO 

51.00 

5.00 

52.00 

None 

33.00 

28  00 

•Jll    Illl 

Do                

None 

00.  00 

20.00 

48.00 

5.00 

70.00 

9.00 

57.00 

Do 

8.00 

60.00 

14.00 

36  00 

Little  Giant  (first  class) 

37.00 

84.00 

4.00 

32  00 

19.00 

38.00 

18.00 

14.00 

Little  Giant  (third  claas) 

12.00 

17.00 

34.00 

19  00 

43.00 

39.00 

4.00 

'.c,  mi 

55.00 

:i»  on 

5  00 

20  00 

53.00 

53.00 

3.50 

20  50 

55.00 

38.00 

5.  00 

20  00 

53.50 

27  00 

6  70 

14  00 

40.00 

30.00 

C.  00 

24  00 

7.00 

30.00 

5.00 

20  00 

Yir<Mtiiii8      

34.00 

22.00 

15.00 

22.00 

XL— ASSAYS  FOR  IRON  AND  GANGCE  MADE  AT  MESSRS.  CUMMING   <t  FINN'S  SMELTER,  JULY,  1880. 


Name  of  mine. 

Iron. 

Gnngne.                       Name  of  mine  . 

i! 

Iron.           Gangue. 

Percent. 
17  00 

Per  cent. 
14  00      Auiie        

Per  cent.       Per  cent. 
38.  10               25  10 

Do                                  

16.50 

15.00  '          Do  

37  50  ,           24.00 

Chrysolite                  

21.00 

20.  00     Evening  Star  

4.50  j            60.30 

Do 

19  80 

11.00      Forsaken     

25  00               32  00 

Do 

13.50 

20.  00      Hibernia  

38.  00              29  50 

Do 

26  30 

23  50      Little  Giant 

14  20               34  GO 

13  70 

45  00            Do  

5.40  i            31  80 

Do 

12.70 

32.00            Do  

12.50               45.50 

Do 

5  45 

42.50  '          Do 

6.00               29  00 

SMELTING  WORKS. 
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i       TABLE  II  —  Continued. 

XII.— ASSAYS  OF  LOTS  AND  MIXTURES  OP  ALL  SORTS  MADE  AT  THE  LA  PLATA  SMELTER  IN  THE 

TEAR  1880. 


Name  of  mine. 

Iron. 

Ganguo. 

Name  of  mine. 

Iron. 

Ganguo. 

11  lots 

Per  cent. 
23  90 

Per  cent. 
20  30 

7  lots 

Per  cent. 
20  70 

Per  cent. 

14  lots 

22  30 

19  40 

11  lots 

17  90 

18  80 

10  lots    

20.40 

19.00 

Average  of  64  lots  

21.50 

19.70 

Discussion.  —  The  preceding  tables  are  valuable  as  furnishing,  not  only  data  for 
reference,  but  also  proofs  of  the  activity  of  mining  and  smelting  in  Leadville.  It  is  also 
evident  from  their  examination  that  there  is  uo  relation  whatever  between  the  lead 
and  silver  contents  of  the  ores.  This  could  scarcely  be  otherwise,  if  it  is  considered 
that  lead  exists  in  the  state  of  carbonate  or  sulphide,  and  silver  in  the  state  of 
sulphide  or  chloro-bromo-iodide,  compounds  which  have  no  common  properties.  A 
carbonate  ore  rich  in  lead  may  coutaiu  a  large  quantity  of  residual  or  untouched  sul- 
phide of  silver,  and  be  rich  iu  silver,  or  its  silver  may  have  been  carried  away  in 
the  state  of  chloride  and  the  ore  be  poor  in  silver.  This  chloride  of  silver  carried 
away  may  be  redeposited  iu  any  kind  of  mineral,  in  porous  quartz  or  in  clay,  and  the 
ore  may  be  very  rich  iu  silver  and  contain  no  lead.  In  other  cases  both  carbonate  of 
lead  and  chloride  of  silver  are  carried  away  and  deposited  iu  the  same  gaugue,  giving 
ore  rich  in  both  lead  and  silver. 

SMELTING   WORKS. 

Location — Since  Leadvillo  became  an  important  mining  camp  sixteen  distinct 
smelting  works  have  been  erected.  Two  smelters  only  are  situated  in  Leadville 
proper,  the  Harrison  Reduction  Works  and  the  Grant  Smelting  Works,  which  both 
stand  on  the  northern  bank  of  California  gulch.  Iu  the  outskirts  of  the  city,  and  at 
the  junction  of  the  upper  and  the  lower  roads  of  this  bank,  stood  the  Leadville  smelter, 
now  pulled  down.  Then  come  in  succession,  but  still  on  the  northern  bank  of  Califor- 
nia gulch,  the  La  Plata,  the  American,  Billing  &  Eilers's,  and  the  California  Smelting 
Works.  At  the  lower  end  of  California  gulch  is  situated  the  small  town  of  Malta, 
near  which  were  erected  the  Malta  and  Lizzie  smelters.  Iu  Adelaide,  on  Iron  Hill, 
stood  the  Adelaide  smelter,  which  belonged  to  the  Adelaide  mine,  but  has  long  since 
ceased  running.  On  Fryer  Hill  and  immediately  above  the  Little  Chief  mine  stood 
the  Little  Chief  smelter.  This  smelter  has  since  been  pulled  down  on  account  of  the 
sinking  of  the  ground  upon  which  it  was  erected,  and  its  furnace  is  now  running 
at  Messrs.  Gumming  &  Finn's  smelter.  On  the  southwestern  bank  of  Big  Evans 
gulch  are  found  in  succession,  going  westward,  the  Ohio  and  Missouri.  Gumming 
&  Finn's,  Gage,  Hagaman  &  Co.'s,  Raymond,  Sherman  &  McKay's,  aud  the  Elgin 
Smelting  Works. 

At  the  time  this  report  was  made  (August,  1880)  several  smelters  had  entirely 
ceased  running,  viz,  the  Adelaide,  Little  Chief,  American,  Malta,  Lizzie,  Leadville, 
Gage,  Hagaman  &  Co.'s,  and  Raymond,  Sherman  &  McKay's.  Since  that  time  the 
American  and  Malta  have  resumed  work,  the  former  successfully,  its  plant  being  iu  a 
perfect  state  of  preservation ;  the  latter  rather  unsuccessfully,  mainly  by  reason  of  its 
i ai perfect  plaut  and  machinery. 
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The  following  are  the  names  of  the  diiferent  smelting  works,  of  the  superintend- 
ents, and  the  dates  at  which  they  commenced  smelting: 


Snu-lting  works. 

Superintendent. 

Date. 

Grant  

J.  B.  Grant  ,,  .. 

Sept       1878 

Leadvillo  

1877 

La  Plata  

M.  E.  Smith  

June      187S 

Carl  Heinrich  ... 

May       1879 

Billing  &  Eilers's  

Fritz  Wolf  

May       1879 

California  
Malta  

M.  E.  Smith  
F.  Fohr  

June,     1879 

1875 

1676 

Little  Chief  

S.  T.  Tvson  

Aug.,     1879 

N.  R.  Wilson         

July      1879 

June      i.'7;i 



•  hint'       1879 

Elgin  

Aug.  Werner  

June      1879 

Adelaide  

1870 



Cost  of  plant — From  data  obtained  by  the  census  investigation  of  the  precious 
metals  for  1880,  carried  on  under  the  supervision  of  Mr.  S.  F.  Emmons,  it  is  found 
that  the  smelters  of  Leadville  were  erected  at  an  aggregate  cost  of  about  $800,<ii)(>. 

In  the  following  table  will  be  found  the  cost  of  plant  of  twelve  of  the  principal 
smelters  in  arbitrary  numerical  order : 

TABLE  III. 

Cost  of  plant. 

Smelter  1 $43,000 

II 160,000 

III 80,000 

IV 25,000 

V 37,000 

VI 65,000 

VII. 95,000 

VIII 60,000 

IX 48,000 

X 37,000 

XI 30,000. 

XII  20,000 

General  disposition  of  smelting  works — The  slope  of  the  banks  of  gulches  is  particu- 
larly favorable  to  the  construction  of  smelters,  most  of  which  are  divided  into  several 
levels,  which  allow  of  a  rational  division  of  labor  and  economize  constructions,  hoisting 
machinery,  and  manual  labor. 

On  California  gulch  most  smelters  have  the  following  levels: 

1.  The  fumace,  slag-heap,  and  bullion  level,  connected  by  means  of  inclined 
ways  with  the  main  lower  road  of  the  gulch  running  at  the  foot  of  the  slag-heap. 

2.  The  feeding-floor  level,  which  is  also  that  for  crushing,  sampling,  ore-beds,  and 
ore-bins.    This  level  is  always  provided  with  a  wagon  road,  branch  of  the  upper  road, 
and  communicates  with  the  upper  and  lower  levels  by  means  of  inclined  ways. 
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3.  First  ore-bin  level,  with  a  wagon  road  between  the  rows  of  bins,  allowing  the 
discharge  of  ore-wagons  into  the  lower  row  of  ore-bins,  and  the  wheeling  away  of  the 
ore  extracted  in  barrows  from  the  upper  row  of  ore-bins  to  the  feeding  and  crushing 
level.    This  level  communicates,  like  the  preceding,  with  the  upper  and  lower  levels 
by  means  of  inclined  ways. 

4.  Second  ore-bin  level,  with  disposition  similar  to  preceding. 

5.  Third  ore-bin  level,  with  disposition  similar  to  preceding. 

6.  Charcoal  and  coke-bin  level,  with  dispositions  similar  to  preceding. 

7.  Ore-dumps,  fluxes,  charcoal,  coke  and  wood  reserves,  or  upper  level.    A  glance 
at  Figure  2,  Plate  XXXI,  representing  smelter  C,  will  give  an  idea  of  the  disposition 
of  levels. 

The  general  arrangement  just  described  is  that  adopted  at  the  most  favorable 
points,  but  sometimes  levels  3,  4, 5,  and  6  are  reduced  to  three,  two,  and  even  one  level. 
This  is  particularly  the  case  on  Big  Evans  gulch,  whose  banks  are  far  from  being  as 
high  as  those  of  California  gulch.  There  the  levels  are  reduced  to  two: 

1.  The  furnace,  slag-heap,  and  bullion  level. 

2.  The  feeding  floor  level,  used  also  for  crushing,  sampling,  ore-beds,  and  ore- 
bins.    The  fuel-bins,  ore-dumps,  fluxes,  and  wood  reserves  are  generally  placed  at  the 
back  of  the  ore-bins. 

The  works  are  always  inclosed,  from  the  furnace  level  to  the  back  of  the  feeding 
floor,  in  a  light  wooden  structure.  Where  there  are  several  levels  of  ore-bins  they  are 
independent  of  the  main  building;  but  where  there  is  only  one  upper  level  the  ore- 
bins  are  placed  in  the  building.  The  offices  and  laboratory  always  occupy  a  detached 
building.  The  office  is  always  provided  with  large  wagon  scales,  varying  in  capacity 
from  10  to  20  tons,  and  used  for  weighing  the  wagons  loaded  with  ore  or  bullion  and 
taring  them  after  unloading. 

The  boilers,  engines,  and  blowers  are  always  placed  on  the  furnace  level,  on  one 
side  of  the  furnaces,  as  are  the  smith's  and  mechanic's  shops,  which,  however,  often 
occupy  a  small  detached  building.1 

ORE  BUYING. 

Method — The  manner  in  which  ore  is  purchased  by  the  smelters  of  Leadville  is 
somewhat  different  from  the  method  usually  pursued  in  other  camps.  The  ore  is  pur- 
chased outright  for  cash  from  the  mines,  a  certain  deduction  being  made  for  the  loss 
of  silver  in  smelting,  and  a  certain  amount  being  charged  for  what  is  called  the  cost 
of  treatment. 

In  the  following  table  is  shown,  as  a  sample,  for  a  few  of  the  principal  mines  — 

1.  The  deduction  for  the  loss  of  silver  in  smelting. 

2.  The  cost  of  treatment. 

3.  The  price  given  for  the  lead  contained  in  the  ores. 

1  At  the  time  this  report  was  made  all  the  smelters  in  California  gulch  were  connected  by  side 
tracks  with  the  railroad,  and  preparations  were  made  to  connect  the  railroad  with  the  smelters  on  Big 
Evans  gulch. 
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Unless  tbe  ore  contains  more  than  a  certain  percentage  (5  per  cent,  to  30  per 
cent.),  the  lead  is  not  paid  for  at  all. 


Mine. 

Deduction  for 
loss  of  silver 
iu  smelting. 

Cost  of  treat- 
ment per  ton 
of  ore. 

Price  paid  for 
lead  per  unit 
of  20  ponuds. 

Per  cent. 
10 
7J 

$25 
20 

$0.25 
25 

Carbonate  

Chrysolite  
Dunkin 

5 
5 

7J 

20 
22 
28 

25 
25 
15 

Evening  Star  ... 

Iron  Silver  

S                        18 

30 

Morning  Star.  .  . 

5 
5 

15 
21 

30 
25 

These  rates  are  subject  to  constant  fluctuation,  according  to — 

1.  The  price  of  fluxes. 

2.  The  amount  of  fluxes  required  iu  smelting. 

3.  The  price  of  charcoal  and  coke. 

4.  The  character  of  the  ore :  whether  large  lumps  or  sand ;  whether  highly  sul- 
phureted  or  highly  silicious ;  wiiether  rich  or  poor  in  lead ;  whether  rich  in  oxide  of 
iron  or  without  it. 

The  cost  of  treatment  has  varied  during  the  year  ending  June  1,  1880,  from  $15 
to  $30  per  ton  of  ore.  The  price  paid  for  silver  and  lead  iu  the  ore  varies  naturally 
with  the  New  York  market.  During  the  year  ending  June  1,  1880,  the  variation  for 
Silver  has  been  from  full  New  York  quotations  and  no  discount  to  a  discount  of  10 
per  cent.,  the  average  discount  having  been  about  5  per  cent,  off  silver  quotations. 

Lead  is  bought  by  the  unit,  i.  e.,  1  per  cent.,  or  20  pounds  in  the  ton ;  and  its 
price  has  varied  from  15  cents  to  45  cents  per  unit  during  the  year  1879-'80.  The 
price  per  unit  of  lead  depends  on  individual  agreement,  and  also  on  the  contents  of 
the  ore  in  lead.  At  some  smelting  works  the  cost  of  treatment  will  be  $  1C  to  $25, 
with  a  deduction  of  5  per  cent,  off  .silver,  and  the  price  of  lead  20  cents  to  25  cents 
per  unit  when  the  ore  contains  above  30  per  cent.  At  others,  the  cost  of  treatment  will 
equal  $20.  the  deduction  off  silver  5  per  cent.,  and  the  price  for  lead  15  cents  per  unit 
when  the  ore  contains  above  5  per  cent. 

Gold  is  paid  for  at  the  rate  of  $18  per  ounce,  but  only  when  its  amount  exceeds 
one  tenth  of  an  ounce  per  ton  of  ore. 

Cost  of  transportation — When  the  ore  is  bought  direct  from  the  mine,  its  trans- 
portation is  paid  for  by  the  mine  owners,  and  the  cost  of  handling  varies  from  $1 
to  $1.85  per  ton  of  ore,  according  to  distance;  but  when  the  ore  is  purchased  at  the 
sampling  works,  the  smelters  have  to  pay  for  its  transportation  to  their  bins  at  the 
above  rates. 

SAMPLING. 

Method — The  general  method  of  sampling  carried  on  in  the  camp  is  the  follow- 
ing: In  shoveling  the  ore  from  the  ore-wagon  to  the  ore-bin,  every  tenth  shovelful  is 
thrown  aside  into  a  wheelbarrow.  Thence  the  sample  thus  obtained  is  wheeled  to 'the 
sampling  floor  and  passed  through  the  crusher.  It  is  then  well  mixed  with  the  shovel, 
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laid  in  a  thin  layer  on  the  floor,  and  quartered  down  very  carefully  until  small  enough 
to  be  dried  easily.  The  amount  of  moisture  is  determined  by  desiccation  of  this 
sample,  previously  weighed.  When  dry  it  is  passed  through  Cornish  rolls  set  to  one- 
eighth  of  an  inch  or  through  small  mills.  It  is  once  more  well  mixed  and  quartered  down 
until  small  enough  to  be  ground  on  the  buck-plate  or  in  the  mortar,  and  passed 
through  fine  sieves,  about  70  meshes  to  the  linear  inch.  This  done,  the  sample  is  once 
more  well  mixed  and  divided  into  three  parts,  one  of  which  is  assayed  by  the  smelter, 
the  other  at  the  mine,  and  the  third  by  an  independent  assayer,  or  more  generally  kept 
in  reserve  for  reference  in  case  of  dispute.  Sometimes  the  bulk  of  the  sample  ob- 
tained from  every  tenth  shovelful  from  the  wagon  is  reduced  by  setting  apart  every 
fifth  shovelful.  This  reduced  sample  is  afterwards  subjected  to  the  treatment  which 
has  just  been  described  in  detail. 

Sampling  works — Every  smelter  in  Leadville  possesses  a  sampling  floor,  with 
ore-beds,  crushers,  and  ore-bins;  but  there  are  besides  three  large  sampling  works.  , 
which  are  independent  of  the  smelters  and  where  the  buying,  assaying,  crushing, 
drying,  sampling,  and  selling  of  ore  only  are  carried  on.    These  works  belong  to  Messrs. 
A.  E.  Meyer  &  Co.,  Eddy  &.  James,  and  Gillespie  &  Ballon. 

The  sampling  works  are  provided  with  a  large  number  of  bins  for  the  preparation 
and  classification  of  ores  of  every  grade  and  from  every  mine;  and,  as  at  the  smelters, 
the  machinery,  crushers,  Cornish  rolls,  and  mills  are  driven  by  steam-power.  Large 
open  spaces  are  kept  for  the  accumulation  of  ore-dumps  and  the  preparation  of  ore- 
beds  of  a  given  composition.  These  arc  made  by  spreading  layer  upon  layer  of  ores 
of  known  weight  and  contents  in  silver  and  lead.  Drying  is  carried  on  on  a  large 
scale,  the  driers  consisting  of  large  parallelopipedic  cuts  in  the  ground,  about  six  feet 
wide  and  twenty  feet  long,  provided  with  a  coal  fire-place  at  one  end,  connected  with, 
a  sheet-iron  stack  at  the  other,  and  covered  over  on  a  level  with  the  ore  floor  with 
sheet-iron,  upon  which  the  ore  to  be  dried  is  spread  in  layers. 

The  advantages  offered  by  these  works  are  twofold.  The  prospectors  and  small 
miners  can  always  dispose  of  their  small  lots  of  ore,  and  the  large  ones  of  those  ores 
which  are  in  any  way  exceptional  or  out  of  the  usual  run.  On  the  other  hand,  the 
smelters  can  always  find  their  supplies  of  ores-  of  a  given  composition  ready  for  the 
furnace,  or  special  ores  to  modify  or  complete  the  composition  of  their  own  ore  beds 
or  mixtures. 

CRUSHING. 

Sand  ores  do  not  require  crushing;  in  fact,  they  are  already  in  dust  or  pieces 
too  small  for  the  furnace,  and  require  mixing  in  convenient  proportion  with  crushed 
ore  in  order  to  be  fit  for  use.  But  hard  ore  and  sand  ore  in  lumps  require  crushing, 
as  well  as  the  limestone,  iron-stone,  and  old  slags  which  are  nsed  as  fluxes.  This  is 
effected,  both  at  smelters  and  at  sampling  works,  by  means  of  compact  but  powerful 
stonebreakers  or  crushers,  always  driven  by  steam-power. 

Machines  used. — The  crushers  mostly  used  in  Leadville  are  Blake  crushers  manu- 
factured by  the  Blake  Crusher  Company,  New  Haven,  Conn.,  and  by  the  Farrel 
Foundry  and  Machine  Company,  Ausonia,  Conn.  At  the  sampling  works  one  or  two- 
Alden  crushers  manufactured  by  E.  T.  Copeland,  New  York,  are  also  in  use. 
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The  table  below  gives  the  principal  types  used,  their  numbers,  nominal  horse- 
power required,  and  capacity. 


Capacity  numbers  of 
the  crushers. 

Opening 

Ix-twi-cn 
jaws. 

Revolutions 
of  fly-wheel 
per  minute. 

ll-'i  -•• 
power  re- 
quired. 

Crushing 
capacity  per 
hour. 

No  1 

Jnchtt. 
10  by  4 

300 

Ton*. 
4 

No.2  

10  by  7 

275 

6i 

No  4 

10  by  4 

300 

4 

No.  5 

15  by  !' 

275 

91 

No.O  

10  by  4 

300 

4 

No.  A 

10  by  4 

300 

4 

Blake  crushers.  —  The  crush'ers  manufactured  by  the  Blake  Crusher  Company 
belong  to  two  styles:  (1)  The  older  style  or  eccentric  pattern  and  (2)  the  Challenge 
Rock-Breaker,  or  Sectional  Cushioned  Crusher.  Of  the  eccentric  pattern,  a  horizontal 
and  vertical  section  will  be  found  in  Plate  XLI,  Figures  1  and  2;  the  drawing  given 
is  a  copy  of  that  furnished  by  the  company  for  a  No.  2.  The  circle  D  is  a  section  of 
the  fly-wheel  shaft,  which  should  make  from  225  to  250  revolutions  per  minute.  The 
dotted  circle  E  is  a  section  of  the  eccentric.  Fis  a  pitman  or  connecting-rod,  which 
connects  the  eccentric  with  the  toggles  G  6,  whose  bearings  form  an  elbow  or  toggle- 
joint.  H  is  the  fixed  jaw ;  this  rests  against  the  end  of  the  frame  A.  P  P  are  chilled 
iron  plates,  between  which  the  rock  is  crushed.  When  worn  at  the  lower  end  they 
can  be  inverted  and  thus  present  a  new  wearing  surface.  The  cheeks  1 1  fit  in 
recesses  on  each  side  and  hold  the  chilled  plates  P  P  in  place.  By  changing  the  posi- 
tion of  the  cheeks  from  right  to  left  when  worn,  both  will  have  a  new  surface.  J  is  the 
movable  jaw.  It  is  supported  by  the  round  bar  of  iron  /L,  which  passes  freely  through 
it  and  forms  the  pivot  upon  which  it  revolves.  L  is  a  spring  of  india-rubber,  which  is 
compressed  by  the  forward  movement  of  the  jaw  and  assists  its  return.  M  M  are  bolt- 
holes.  B  is  the  fly-wheel.  C  is  the  driving-pulley.  Q  Q  Q  Q  are  oiling  tubes;  R  It  R  R, 
steel  bearings;  0,  the  toggle-block;  N,  the  wedge;  1",  the  wedge-nut;  S,  set-screws  lor 
tightening  toggle-block ;  T,  bush  and  key.  The  frame  A  A  and  supports  %  Z  are  made 
of  cast  iron.  This  crusher  is  being  gradually  .superseded  by  the  Challenge  Rock- 
Breaker,  manufactured  by  the  same  firm,  which  has  many  points  of  superiority  over 
the  preceding,  and  is  not  quite  so  delicate  in  construction  or  so  apt  to  get  out  of  order. 

The  Challenge  or  sectional  cushioned  crusher  is  represented  in  perspective  and 
vertical  section  in  Plate  XLI,  Figures  3  and  4,  which  are  copied  from  the  company's 
drawing  of  a  No.  5  crusher.  Its  crushing  capacity  per  hour  is  9  tons  when  the  jaws 
are  set  1£  inches  apart  and  when  its  speed  is  275  revolutions  per  minute.  Flint,  haid 
ores  that  break  with  a  snap,  dolomite,  hematite,  and  old  slags  go  through  the  crusher 
at  that  rate  in  the  same  conditions,  but  with  sand  or  soft  ore  the  capacity  is  sensibly 
diminished.  The  9  horse-power  indicated  as  being  necessary  to  drive  this  crusher  is 
purely  nominal,  and  represents,  so  to  speak,  an  average;  in  practice  the  driving  engine 
should  have  greater  power,  in  order  to  overcome  irregular  or  unexpected  resistance. 

The  Challenge  crusher  consists  of  a  three-sided  frame- work  F,  of  cast  iron,  with  a 
broad  flanged  base,  holding  the  movable  jaw  in  suspension,  which  forms  the  front  part 
of  the  machine,  between  the  upright  convergent  jaws  of  which  the  stone  is  crushed. 
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The  jaw-sbaft  K  is  held  iii  place  by  wrought-irou  or  steel  clamps  (7,  which  serve  to 
take  part  of  the  strain  due  to  crushing  iu  the  upper  part  of  the  jaw  space,  and  also 
serve  as  walls  thereof.  In  the  lower  part  of  the  three-sided  frame,  or  front  part  of  the 
crusher,  aud  on  each  side  of  it  are  holes  iu  the  casting  to  receive  the  maiu  tension 
rods  JB,  which  couuect  the  front  and  rear  part  of  the  machine.  The  rear  part  B  is 
called  the  main  toggle  block.  It  is  also  provided  with  holes  to  receive  the  main  ten- 
sion-rods JB  JB,  corresponding  to  those  in  the  front  casting.  The  tension-rods  R  E  are 
provided  with  screw-threads  and  nuts  N  N,  by  means  of  which  their  length,  and  iu 
consequence  the  opening  between  the  jaws,  are  readily  adjusted  to  crush  coarse  or  fine. 

The  front  and  rear  castings  are  supported  on  parallel  timbers  6  (?,  to  the  under 
side  of  which  are  bolted  the  boxes  carrying  the  main  eccentric  shaft,  provided  with  fly- 
wheels and  pulley.  These  timbers  take  the  transverse  strain,  which  comes  upon  the 
pitman  connecting  the  main  shaft  aud  the  toggle-joint,  situated  in  the  rear  of  the  mova- 
ble jaw,  and  between  it  and  the  main  toggle-block.  Between  the  broad  flanged  bases 
of  the  front  aud  rear  castings  aud  the  timbers  on  which  they  rest  are  placed  flat 
rubber  cushions  C'  (7',  one-fourth  to  three-eighths  of  an  inch  thick.  Every  revolution 
of  the  shaft  brings  the  toggles  more  nearly  into  line  and  throws  the  movable  jaw 
forward.  It  is  withdrawn  by  the  rod  provided  with  rubber  spring  L.  In  this  way  a 
short  vibratory  movement  is  communicated  to  the  movable  jaw.  The  pitman  B'  H  is 
constructed  so  that  it  can  be  lengthened  or  shortened,  aud  thus  change  the  inclination 
of  the  toggles  0  0,  and  consequently  the  length  of  the  movable  jaw  J. 

The  great  advantage  of  this  machine  over  the  old  style  is  that  of  possessing 
elastic  p  :rts,  rigid  enough  to  allow  the  performance  of  the  work  desire;!,  but  giving 
way  under  accidental  strains,  such  as  the  introduction  of  a  steel  hammer  between  the 
jaws.  The  frame  A  is  made  of  timber.  The  best  method  of  setting  up  this  stone- 
breaker  is  to  place  its  frame  on  four  timbers  15  by  15  inches,  disposed  as  is  shown 
at  X  X1  and  Y.  These  timbers  are  piuned  or  bolted  together. 

The  following  are  the  main  parts  of  the  machine  aud  the  letters  used  to  indicate 
them  in  the  drawing : 


A,  timber  frame. 

B,  main  toggle-block. 
C'  C',  rubber  cushions. 

D,  fly-wheel. 

E,  ni;i;n  puller. 

F,  maiu  cast-iron  frame. 

G,  timber  supports. 
H,  pitman  half- box. 
I,  cheeks. 

J,  movable  jaw. 
K,  jaw  shaft. 


L,  rubber  spriug. 

L',  spring  rods. 

M,  pitman-rod  nuts. 

N  N',  main  tension-rod  nuts. 

O,  toggles. 

P,  jaw  (chilled  plates). 

R,  main  tension  rods. 

K'  H,  pitman. 

R',  pitman-rods. 

S,  main,  eccentric  shaft. 

T,  toggle  bearings. 


The  Farrel  Foundry  and  Machine  Company's  Blake  crusher  is  used  a  good  deal 
iii  Leadville.  It  is  constructed  on  very  nearly  the  same  priuciples  as  the  Blake 
Crusher  Company's  eccentric  pattern.  It  presents  the  same  appearance,  it  requires 
the  same  amount  of  power  to  produce  the  same  quantity  of  work  in  the  same  time, 
and  a  complete  description  of  it  would  be  superfluous,  since  it  answers  exactly  to  the 
description  of  the  eccentric  pattern.  It  differs  from  it,  however,  in  one  respect,  namely 
the  substitution  of  a  crank  shaft  for  the  eccentric  shaft. 
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Alden  crusher. — The  Alden  crusher  and  pulverizer,  is  not  in  use  at  smelters,  which, 
when  they  have  any  pulverizing  to  do,  use  Cornish  rolls  ;  but  it  is  used  at  the  samp- 
ling works,  where  a  considerable  amount  of  pulverizing  is  done.  The  jaws  of  this 
crusher  differ  essentially  from  those  of  the  others  in  this  respect  —  that  their  grooves 
are  perpendicular  to  the  length  of  the  jaws,  while  in  the  others  these  grooves  are  par- 
allel to  the  length. 

Fig.  1,  Plate  XLV,  gives  a  perspective  view  of  the  Alden  crusher,  in  which 
portions  of  the  jaws  and  jaw-faces  are  shown  in  section.  The  jaws  are  hung  upon 
wrought  iron  trunnions,  the  ends  of  which  project  through  and  are  supported  by  the 
sides  of  the  frame.  Motion  is  imparted  by  links  connected  with  the  trunnion  ends, 
and  driven  by  studs  projecting  from  a  sliding  yoke  beneath.  This  yoke  is  connected 
with  a  crank-shaft  by  a  pitman.  The  rotation  of  the  crank  moves  the  yoke  to  and  fro 
on  a  nearly  horizontal  plane,  alternately  moving  and  pushing  the  movable  ends  of  the 
two  jaws,  and  imparting  a  rubbing  motion,  which  is  the  main  feature  of  the  machine. 
The  jaws  may  be  adjusted  at  varying  distances,  so  as  to  obtain  a  product  of  varying 
degrees  of  fineness. 

The  Cornish  rolls,  used  by  both  the  smelters  and  samplers  for  grinding  their 
samples,  consist  of  two  steel  cylinders,  lli  inches  long  and  G  inches  in  diameter,  con- 
nected by  cog-wheels,  driven  by  pulley  and  transmission  belt,  and  fed  by  means  of  a 
thin  sheet-iron  funnel,  having  the  shape  of  an  inverted  truncated  pyramid.  These 
rolls  are  usually  set  one-eighth  of  an  inch  apart. 

ASSAYING. 

In  Leadville  assaying  is  quite  an  important  branch  of  the  mining  and  smelting 
industries.  In  addition  to  the  assayers  attached  to  all  the  smelting  and  sampling 
works  and  to  the  principal  mines,  there  are  no  less  than  twenty  independent  assayers 
residing  in  the  city  and  having  their  own  assay  offices.  Besides  being  employed  as 
referees  and  experts  in  cases  of  dispute  between  mines  and  smelting  works,  the  latter 
are  patronized  by  the  prospectors  and  small  miners. 

The  chief  assays  made  in  the  camp  are  silver,  gold,  lead,  iron,  and  gangue  assays, 
and  at  some  smelters  specific-gravity  determinations  of  slags. 

Furnaces — The  laboratories  are  generally  provided  with  permanent  crucible  and 
muffle  furnaces,  made  of  common  brick,  lined  with  fire  brick,  and  placed  side  by  side, 
as  is  shown  in  Plate  XXXIX  ;  but  very  often  the  two  furnaces  are  separate. 

By  means  of  the  dampers  D'  and  D'  in  the  chimney,  the  assayer  can  regulate  the 
draft  and  the  intensity  of  heat  in  the  furnaces.  The  apertures  A  B  C  D  are  closed 
by  means  of  sheet-iron  plates,  easily  removed  by  tongs.  Occasionally,  portable  clay 
furnaces,  of  American  and  English  manufacture,  are  used  for  cupellation. 

Pulverization — The  ores  and  slags  are,  first  of  all,  coarsely  pounded  in  a  cast  iron 
mortar  (Fig.  12,  Plate  XLIII),  a  form  of  mortar  that  is  not  well  adapted  for  this  use, 
since  it  is  too  thin  and  very  often  breaks  before  the  stone  does.  The  coarsely  pounded 
material  is  then  ground  on  the  buck-plate.  This  consists  of  a  cast  iron  plate  (Figs. 
9  and  10,  Plate  XLIII),  about  an  inch  thick,  faced  c.n  one  side,  and  provided  or  not 
with  flanges  on  each  side.  It  rests  on  a  firm  table  or  timber  support.  The  ore  is  laid 
on  the  plate  and  ground  with  the  bucker.  The  bucker  (Fig.  11,  Plate  XLIII)  is  a  mass 
of  cast  iron,  with  a  cylindrical  lower  suifiuje,  faced  on  the  plate  side,  and  fixed  to  a 
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wooden  handle.  Grinding  is  performed  by  placing  the  left  hand  on  the  bucker,  hold- 
ing the  handle  in  the  right  hand,  and  moving  the  bucker  forwards  and  backwards, 
at  the  same  time  lifting  and  lowering  the  handle,  and  exerting  a  slight  pressure  with 
the  left  hand.  While  all  this  is  going  on  the  bucker  is  also  moved  from  the  left  to  the 
right  side,  and  inversely,  so  as  to  increase  the  grinding  surface.  All  this  is  much 
more  easily  performed  than  described. 

The  pulverized  ore  is  tlren  passed  through  sieves  of  70  to  80  meshes  to  the  linear 
inch,  represented  in  Fig.  8,  Plate  XLIIT,  in  elevation.  The  metallic  cloth  of  the  sieve 
is  made  of  brass.  It  is  adjusted  to  a  tinned-iron  circular  frame,  b.  fitting  in  a  circular 
tinned-iron  box,  or  dust-receiver,  a.  This  is  a  very  convenient  arrangement,  the  loss 
in  dust  is  very  small,  and  the  mixing  of  the  dust  takes  place  at  the  same  time  as  the 
sifting. 

Crucibles  and  scorifiers — Figs.  3,  4,  and  5,  Plate  XLIII,  represent  the  crucibles, 
scorifiers,  and  gold-annealing  cups,  which  are  manufactured  by  the  Denver  Fire  Clay 
Company.  The  gold-annealing  cups  and  scorifiers  are  similar  to  the  European  ones 
in  appearance,  but  greatly  inferior  to  them  in  quality.  The  assay  crucibles,  three-six- 
teenths of  an  inch  thick,  are  probably  the  thinnest  clay  pots  used  in  assaying  in  any 
country.  They  are  very  convenient  for  the  reason  that,  with  a.  low  temperature  in 
the  furnace,  the  assay  fluxes  become  easily  fluid,  but  they  never  stand  more  than  two 
runs  in  the  crucible  furnace. 

Cupels — Cupels  are  always  made  in  the  assay  laboratories  in  brass  molds,  the 
process  being  too  well  known  to  demand  description.  Their  form  and  size  are  shown 
in  Fig.  G,  Plate  XLIII. 

Muffles — The  muffles  made  by  the  Denver  Fire  Clay  Company  are  good.  They 
are  generally  large  enough  to  hold  from  12  to  16  scorifiers,  enabling  the  assayer  to 
assay  three  or  four  samples  of  ore  at  the  same  time.  f 

Tools — The  scorifier  tongs,  cupel  tongs,  crucible  tongs,  raking  rods,  anvils,  ham- 
mers, chisels,  etc.,  are  similar  in  every  respect  to  those  universally  used  in  assaying. 

Slag  molds — The  molds  into  which  are  poured  the  crucible  and  scorifier  slags  are 
peculiar,  and  are  represented  in  Figs.  1  and  2,  Plate  XLIII.  They  consist  of  a  sheet 
of  cast  iron,  divided  into  12  conical  molds.  They  are  very  convenient,  the  lead  buttons 
and  slags  cooling  rapidly  on  account  of  the  thinness  and  large  surface  of  the  mold. 

Fuel — Coke  is  used  in  the  crucible  furnaces  and  charcoal  in  the  muffle  furnaces, 
but  sometimes  coke  and  charcoal  are  mixed  in  the  muffle  furnaces. 

Balances — Balances  capable  of  weighing  from  four  pounds  to  one-sixteenth  of  an 
ounce  are  used  for  the  estimation  of  moisture  in  the  ore;  balances  weighing  from  100 
grams  to  1  milligram,  for  the  weighing  of  scorifying  and  crucible  assays;  and  those 
sensitive  to  the  tenth  of  a  milligram,  for  the  weighing  of  silver  prills  and  gold  part- 
ings. These  balances  are  generally  manufactured  by  Becker  &  Sons,  of  New  York. 
They  offer  no  peculiarity  in  construction. 

The  iceights  used  in  assaying  are  gramme  weights  for  lead,  iron,  and  gaugue 
assays,  and  silver  prills,  or  gold  partings;  but  the  ore,  slags,  and  bullion  are  weighed 
in  assay  tons,  whose  symbol  is  A.  T,,  or  its  subdivisions.  The  weight  boxes  contain 
one-tenth  of  an  assay  ton,  or  •&  A.  T.,  -fr  A.  T.,  ^0-  A.  T.,  1  A.  T.,  2  A.  T.  Some  boxes 
contain  besides  2V  A.  T.  and  5  A.  T.  The  system  of  assay-ton  weights  introduced  by 
Prof.  C.  F.  Chandler,  of  the  School  of  Mines,  Columbia  College,  New  York,  is  as  simple 
as  it  is  ingenious.  The  ton  of  2,000  pounds  avoirdupois  is  equal  to  32,000  ounces 
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avoirdupois,  or  to  29,166  ounces  troy,  or  to  907,180,000  milligrams.  The  weight  of  the 
assay  ton  is  29,166  milligrams,  consequently  each  milligram  represents  one  ounce  troy, 
and  29,166  milligrams  represent  one  ton.  When  the  material  to  be  assayed  for  precious 
metals  is  weighed  by  the  assay  ton  or  its  multiples,  the  weight  of  the  precious  metals 
in  milligrams,  or  multiples  of  the  milligram,  corresponding  to  those  of  the  assay  ton, 
expresses  in  troy  ounces  the  weight  of  gold  or  silver  contained  in  one  ton  of  ore  or 
bullion.  A  few  examples  will  illustrate  this : 

1.  Twenty-nine  thousand  one  hundred  and  sixty-six  milligrams  of  bullion,  or  one 
assay  ton,  give  after  cupellation  a  button  of  silver  weighing  205.5  milligrams.    This 
shows  that  one  ton  of  this  bullion  contains  205.5  ounces  troy  of  silver. 

2.  One-half  an  assay  ton  of  slags  gives,  after  assaying,  a  button  weighing  1£ 
milligrams;  this  shows  that  one  ton  of  slag  contains  3  ounces  troy  of  silver. 

3.  One-tenth  of  an   assay   ton  of    ore  contains  3  milligrams    of  silver;   this 
shows  that  one  ton  of  ore  assays  30  ounces  troy  of  silver. 

The  laboratories  are  provided  also  with  sand-baths,  flasks,  beakers,  dishes,  bu- 
rettes, and  a  few  of  the  principal  reagents  used  in  assaying  by  the  wet  way.  Iron  and 
gangue  assays  are  regularly  made  in  the  wet  way,  and  occasionally  the  ore  is  assayed 
for  sulphur  and  arsenic,  the  slags  for  lead,  the  ores  and  fluxes  for  lime  and  magnesia. 

Silver  assays — The  general  process  used  by  common  consent  in  Leadville  for  ore 
assays  is  the  scorincation  process,  a  rapid  and  accurate  method.  Some  mines,  however, 
require  crucible  assays.  The  scorincation  process  is  so  well  known  and  so  fully  de- 
scribed in  text  books  that  it  will  not  be  insisted  upon.  The  assay*  of  each  sample  are 
made  in  three  or  four  scorifiers.  One  tenth  of  an  ass;iy  ton  is  weighed  for  each  scorilier, 
and  then  mixed  with  ten  times  its  weight,  or  one  assay  ton,  of  pure  granulated  lead,  or 
rather  with  a  granulated  lead  whose  contents  in  silver  are  known  and  subsequently 
subtracted  from  the  silver  buttons  obtained.  The  silver-prills  are  weighed  to  the  tenth 
of  a  milligram,  and  each  of  these  divisions  corresponds  to  an  ounce  to  the  ton.  A 
little  borax  is  always  used  to  scorify  the  oxide  of  iron  and  other  bases.  Slag,  like 
ores,  is  assayed  by  scoriflcatiou ;  but  this  process  ought  to  be  abandoned  and  the 
crucible  process  substituted  for  it,  chiefly  for  the  reason  that  in  the  crucible  the  assay 
may  be  made  with  one  assay  ton  if  necessary,  this  quantity  not  being  excessive  for 
the  estimation  of  1  or  1£  ounces  of  silver  to  the  ton.  The  crucibles  used  in  crucible 
assays  are  those  drawn  to  scale  in  Figs.  3  and  5,  Plate  XLIII.  A  mixture  of 

Powdered  ore $  assay  ton. 

Litharge 1  assay  ton. 

Bicarbonate  of  soda A  assay  ton. 

Borax i  assay  ton. 

Argol iV  assay  ton, 

or  some  similar  mixture,  for  each  assayer  has  his  favorite  flux,  is  fused  in  them, 
in  the  presence  of  an  iron  nail  or  rod,  which,  however,  some  assayers  dispense  with 
altogether.  The  mixture  is  generally  covered  with  a  layer  of  borax  or  common  salt. 
Bullion  assays — The  assays  are  generally  made  on  a  car-load  s-arnple,  representing 
10  tons.  Two  pieces  of  lead  are  detached  from  the  top  and  bottom  part  of  each  bar 
of  bullion  forming  the  car-load  (in  general  400  bars);  all  these  are  melted  together  in 
a  plumbago  crucible,  under  a  cover  of  live  charcoal;  the  charcoal  and  scum  are  then 
removed;  the  sample,  well  mixed  by  stirring,  is  poured  into  an  ingot  mold  (a  bullion 
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one);  the  bar  obtained  is  about  one  inch  thick  (Fig.  7,  Plate  XLV).  Four  pieces  are 
detached  from  it  with  chisel  and  hammer,  as  shown  in  a,  Fig.  7.  One-half  an  assay 
ton  is  weighed  from  each  piece,  and  cupelled,  and  the  assay  carried  on  as  usual. 

Gold  assays.  _  Gold  assays  are  made  by  dissolving  the  silver  buttons  in  weak 
nitric  acid,  as  usual. 

Lead  assays — Ores  and  slags  are  assayed  for  lead  in  the  crucible.  Five  grains 
of  the  pulverized  ore  or  slag  are  mixed  with  15  grams  of  a  flux  composed  of 

Borax 1  part. 

Bicarbonate  of  soda 4  parts. 

Argol 1  part. 

Flour il>art. 

or  some  analogous  flux.  The  mixture  is  fused,  with  or  without  the  addition  of  an  iron 
nail  or  rod,  either  in  the  crucible  or  the  muffle-furnace.  When  the  muffle  is  used,  the 
crucibles,  represented  in  Fig.  5,  Plate  XLIII,  are  placed  in  it,  together  with  large  pieces 
of  charcoal,  to  produce  a  reducing  atmosphere,  and  the  front  of  the  muffle  is  kept  closed. 
In  both  crucible  and  scoriflcation  assays  the  lead  buttons  and  slags,  when  taken  out  of 
the  furnace,  are  rapidly  poured  into  the  molds,  shown  in  Figs.  1  and  2,  Plate  XLIII. 
In  lead  assaying  the  button  of  lead,  detached  from  the  slag  after  cooling,  is  weighed 
in  grams  ami  its  fractions,  and  the  result,  multiplied  by  20,  gives  the  percentage. 

iron  assays — The  ores  are  assayed  for  iron  by  Marguerite's  well-known  burette 
process,  with  a  standard  solution  of  permanganate  of  potash. 

Estimation  of  gangue — Gangue  is  determined  by  dissolving  the  ore  in  strong  hydro- 
chloric acid,  or  aqua-regia,  collecting  the  insoluble  residue  on  a  lilter,  washing  well, 
calcining,  and  weighing.  Some  assayers  evaporate  the  solution  to  dryuess  at  100°  0. 
before  filtering,  in  order  to  estimate  both  gaugue  and  soluble  silica. 

Estimation  of  moisture — Moisture  is  determined  in  the  ores  by  desiccation  of  one 
pound  of  ore  placed  in  a  copper  pan  over  the  muffle-furnace,  or  over  a  sand-bath 
heated  by  a  kerosene  lamp. 

Specific  gravity  determinations — This  operation  is  performed  every  day  at  a  few 
smelters  on  the  slags  of  each  furnace.  It  seems  an  unnecessary  operation,  first,  because 
superintendents  ought  to  rely  solely  upon  careful  assays  for  lead  and  silver;  second, 
because,  with  a  little  practical  experience,  the  mere  appearance  of  the  slag  is  more 
reliable  than  its  specific  gravity ;  third,  because  those  who  determine  daily  the  specific 
gravity  of  slags  and  their  contents  in  lead  and  silver  have  never  been  able  to  find  a 
relation  between  the  three  data.  In  the  analytical  study  on  the  slags  made  specially 
for  this  report  it  will  be  seen  that  there  is  no  relation  whatever  between  the  contents 
of  lead  and  silver;  and  at  the  smelters  it  is  admitted  that  the  specific  gravity  of  slag 
may  be  raised  by  other  substances  than  lead — by  iron,  for  instance. 

The  specific  gravity  determinations  are  carefully  made  by  means  of  the  Jolly 
specific  gravity  spring-balance,  represented  in  Fig.  2,  Plate  XXXVIII.  This  instru- 
ment consists  of  a  wooden  gallows-frame,  at  the  end  of  whose  horizontal  beam  is  sus- 
pended a  delicate  wire  spring,  provided  with  a  small  ivory  index,  J,  and  a  small  brass 
pan,  P,  suspended  from  the  spring  by  three  wires.  On  the  face  of  the  vertical  beam, 
looking  towards  the  spring,  is  a  mirror,  carefully  graduated  in  millimeters.  A  beaker, 
three-fourths  filled  with  distilled  water,  is  placed  on  a  stand,  IS,  which  is  provided 
with  a  set-screw,  and  moves  up  and  down  the  vertical  beam. 
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To  make  a  specific  gravity  determination  the  eye  is  placed  in  front  of  the  mirror 
in  such  a  position  that  the  pupil  of  the  eye,  the  upper  part  of  the  ivory  index,  the 
graduation  on  the  mirror,  and  the  image  of  the  pupil  in  the  mirror  are  brought  into 
line.  The  number  of  divisions  at  this  point  is  x.  A  small  piece  of  slag  is  then  placed 
in  the  pan  P ;  the  division  to  which  the  ivory  index  is  lowered  is  then  carefully 
noted;  let  this  be  called  x1 ;  then  x'—x  represents  the  weight  of  the  slag  in  the 
air,  expressed  in  divisions.  The  stand  S  is  then  raised  until  the  slag  dips  into  the 
water  and  the  index  rises.  The  number  of  divisions  is  once  more  carefully  noted ; 
let  it  be  expressed  by*";  x' — x"  represents  the  weight  of  the  volume  of  the  water 
displaced  by  the  slag,  consequently  the  specific  gravity  will  be  given  by  the  formula 

— ...    A  little  correction  is  necessary  with  this  instrument;  x"  should  in  reality  be 

x — x 

x"  +  x"1 ;  x'"  being  the  number  of  divisions  lost  by  the  pan  when  immersed  in  water. 
The  writer  has  devised  a  little  instrument,  easy  to  carry,  easy  to  construct,  and 
self  correcting,  for  the  determination  of  specific  gravity.  It  consists  of  a  test-tube 
ballasted  with  distilled  water  and  floating  in  a  proof-glass  filled  with  distilled  water  (see 
Fig.  7,  Plate  XLIH.  The  test-tube  is  carefully  graduated  ;  the  level  of  the  water  ./•, 
outside  of  the  tube,  is  noted,  as  well  as  the  level  o'f  the  water  !/,  inside  of  the  tube. 
A  small  piece  of  slag  or  mineral  is  introduced  into  the  tube,  which  sinks  a  certain 
number  of  divisions  x1 ;  x1  represents  its  weight.  The  water  is  raised  inside  of 

the  tube  a  certain  nnmber  of  divisions  y1 ;  y'  represents  its  volume;^  gives  its  spe- 
cific gravity  corrected  for  temperature.  One  of  the  great  advantages  of  this  instru- 
ment is  that  specific  gravity  determinations  can  be  made  with  almost  as  much  accu- 
racy with  common  water  as  with  distilled,  the  weight  and  volume  of  water  being  self- 
correcting. 

SECTION  II. 

MATERIALS  USED  IN  SMELTING. 

GENERAL   CONSIDERATIONS. 

Smelting  is  conducted  ou  exactly  the  same  principle  by  all  the  smelters  through- 
out the  camp.  Ab  uno  disce  omues.  The  ore  is  invariably  smelted  in  blast  furnaces 
lined  with  fire-brick,  and  provided  with  water  jackets  at  the  zones  of  agglomeration 
and  fusion ;  dolomite,  hematite,  and  old  slag  being  used  as  fluxes,  and  a  mixture 
of  charcoal  and  coke  as  fuel.  In  one  smelter  only  a  little  metallic  iroii  (old  horse- 
shoes) is  used  for  the  reduction  of  galena  when  present  in  certain  proportions  in  the 
ore,  but  even  at  this  smelter  it  is  an  accidental  rather  than  a  normal  operation.  The 
facilities  afforded  to  the  smelters  by  nature  in  the  Leadville  region  are  really  very 
great;  there  smelting  is  practically  reduced  to  its  elementary  principles.  The  ore 
is,  so  to  speak,  "  roasted  by  nature,"  since  cerussite  is  evidently  iii  all  cases  the 
result  of  the  oxidation  of  galena;  it  requires  no  preliminary  preparation  save  crush- 
ing, and  for  about  one-fifth  of  the  ore,  which  comes  out  of  the  mine  in  the  state  of 
sand,  this  is,  of  course,  dispensed  with;  the  quantity  of  matte  and  speiss  foimed  is 
small;  a  good  quality  of  hematite  is  found  on  Breece  Hill,  though  it  is  used  but  in 
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small  quautity,  owing  to  tlje  fact  that  the  ores  themselves  often  contain  the  requisite 
quantity  of  iron  to  form  slag,  and  to  reduce  arsenical,  antimonial,  and  sulphuret  com- 
pounds of  lead.  Dolomite,  as  will  be  seen  later,  forms  as  good  a  flux  as  carbonate  of 
lime;  its  chief  defect  is  that  the  slag  formed  is  less  fusible  than  pure  liine-aud-iron 
slag. 

Before  the  railroads  reached  Leadville  the  smelters  were  compelled  to  use 
dolomite.  Since  that  time  it  is  said  that  a  smelting  firm  has  adopted  the  use  of 
limestone  with  good  results  and  that  its  use  is  likely  to  become  general  in  the  camp. 

Smelting  in  Leadville  at  the  present  day  is  never,  badly  performed,  chiefly  for 
the  reason  that  all  the  furnaces  are  constructed  on  the  same  principles  and  are  pro- 
vided with  the  latest  improvements.  The  imperfections  in  smelting  are  generally 
intentional,  and  are  based  on  economical  grounds  which  are  in  themselves  unattack- 
able  and  render  criticism  useless.  Still,  it  must  be  stated  that  a  few  smelting  firms 
have  brought  smelting  in  Leadville  to  actual  practical  perfection,  and  in  their  economic 
results  these  are  the  most  successful. 

STATISTICS   OF   LEADVILLE   SMELTERS. 

In  Table  IV  will  be  found  the  following  information,  compiled  from  data  gathered 
by  special  experts  for  Mining  Statistics  of  the  Tenth  Census  and  by  the  writer,  for  the 
year  ending  June  1,  1880,  each  smelter  being  designated  by  a  letter: 

I.  Annual  consumption  of  ore. 

II.  Annual  consumption  of  fluxes;  their  nature  and  cost. 

III.  Annual  consumption  of  fuels;  their  nature  and  cost. 

IV.  Annual  production  of  bullion;  its  contents,  and  cost  of  transportation. 

V.  Relations  between  ore,  fuel,  fluxes,  bullion,  and  silver. 

VI.  Plant  of  each  smelter. 

VII.  Labor;  amount,  time  employed,  and  cost. 

TABLE  IV. 
I.  ORE. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

Tons... 

10,  236 

38,000 

18,  590 

4,200 

8,411 

5,793 

25,464 

12,000 

(a) 

a  No  data. 

II.  FLUXES. 

1.  Dolomite. 

2.  Hematite. 

3.  Average  price  of  dolomite  per  toil. 

4.  Average  price  of  hematite  per  ton. 


A. 

B. 

C. 

D. 

E. 

F. 

6. 

H. 

I. 

Tons  .  . 

232 

5,312 

4,170 

250 

440 

964 

2,467 

(a) 

(a) 

.do... 

280 

143 

1,774 

292 

587 

1,102 

2,968 

(a) 

(a) 

Dollars 

2.80 

4.00 

3.50 

4.00 

3.50 

3.50 

61.25 

3.50 

(a) 

do.   . 

8.00 

10.00 

9.50 

11.50 

6  to  7 

0.00 

8.50 

10.00 

(a) 

a  No  data. 


b  Cost  of  Uauling. 
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in.  FUELS. 

1.  Charcoal,  in  bushels. 

2.  Charcoal,  in  toes. 

3.  Coke,  in  tons. 

4.  Proportion  of  charcoal  to  coke  at  each  smelter. 

5.  Pine  wood,  for  boilers,  in  cords. 

6.  Average  weight  of  cord  of  pine  wood  nsed. 

7.  Cost  of  charcoal  per  bushel. 

8.  Average  price  of  charcoal  per  ton. 

9.  Cost  of  coke  per  ton. 

10.  Cost  of  pine  wood  per  cord. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

Average. 

1. 

2. 

a. 

4. 
',. 
6. 
7. 

X. 
ft 
10. 

Bushels 
Tons  .  .  . 
...do  ... 
...do... 
Cords  . 
For  uds  . 
Cents  .. 
Dollars  . 
...do.... 
...do.... 

188,760 
1.342J 
3,300 
C.4  :  1 
1,040 
3,000 
10  to  IS 

las? 

28.80 
4.  50 

1,094,870 
7.664 
4,880 
1.5:1 
3,600 
2,800 
10  to  17 
18.57 
25.58 
4.75 

506,558 
3,546 
2,810 
1.2:1 
1,200 
3,000 
10  to  15 
18.57 
30.45 
5.00 

76,  791 
587J 
263 
2:1 
400 
3,000 
12  to  18 
18.57 
30.56 
4.75 

200,000 
1,400 
700 
2:1 
760 
3,000  to  3,500 
10  to  18 
18.57 
28.60 
4.50 

279,498 
1.956J 
810 
2.4:  1 
750 
2,  000  to  3.200 
10  to  18 
18.57 
25.60 
4.00 

563,087 
3,9411 
2,550 
1.5:  1 
(e) 
2,000to2.800 
13 
18.57 
25.56 
4.50 

(a) 
(a) 
(a) 
(a) 
1,200 
2,  000  to  2,  800 
10  to  12 
18.57 
27.60 
4.50 

(a) 
(a) 
(a) 
(a) 
800 
(a) 
(a) 
(a) 
(a) 
(a) 

1.33:16 

a  No  data. 


b  Proportion  for  whole  camp  obtained  from  2  and  3.          e  Charcoal  screenings,  but  little  wood. 


IV.  BULLION. 

1.  Tons  of  bullion  produced. 

2.  Average  tenor  of  bullion  in  silver  (ounces  per  ton). 

3.  Average  tenor  of  bullion  in  gold  (ounces  per  ton). 

4.  Total  amount  of  silver  in  ounces. 

5.  Freight  to  the  East  per  ton  of  bullion. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

1. 

Tons  

1,  752  '          6,  200            4,  436 

503 

1,240 

1,321 

4,012 

5,000 

(a) 

& 

Ounces..        404.5          328.53              250 

280 

300 

300 

450 

300 

(a) 

1. 

...do  

2.08 

None 

None 

None 

.15 

None 

None 

.15 

(a) 

4. 

...do  708,684     2,036,886     1,109,000 

125,750 

372.000 

396,300 

1,805,400 

1,500,000 

(a) 

5.     Dollars  .   40  to  45 

(i»               (6)                (6) 

(6) 

27  to  35 

35.00 

35.50 

<W 

a  No  data. 


6  Paid  by  refiner. 
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V.  PROPORTIONAL  RELATIONS. 

1.  Parts  of  dolomite  to  100  parts  of  ore. 

2.  Parts  of  hematite  to  100  parts  of  ore. 

3.  Parts  of  fuel  to  100  parts  of  ore. 

4.  Parts  of  fuel  to  100  parts  of  smelting  charges. 

5.  Bullion  extracted  to  100  parts  of  ore. 

6.  Percentage  of  lead  extracted  in  smelting. 

7.  Percentage  of  silver  extracted  in  smelting. 

8.  Charges  for  smelting  per  ton  of  ore,  in  dollars. 

9.  Cost  of  smelting  per  ton  of  ore,  in  dollars. 

10.  Average  assay  of  slag,  in  ounces  of  silver  per  ton. 

11.  Average  assay  of  flue-dust,  in  ounces  of  silver  per  ton. 


A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

I. 

Average. 

1               

2.27 

13.98 

22.43 

5.95 

5.23 

16.64 

9  69 

No  data 

alO  88 

2        

2.73 

.37 

0.54 

6.95 

6.98 

20.06 

11.65 

No  data 

08  3 

3        

45.35 

23.04 

34.19 

19.06 

24.96 

47.76 

25.49 

No  data 

O3>>  g3 

4 

36  25 

23.33 

22.60 

15.33 

19  33 

32  50 

19  00 

No  data 

5 

17  H 

10.31 

23.86 

11.98 

14  74 

22  8 

15  75 

41  in; 

6                      .     . 

85  to  88 

86  to  91 

88 

85  to  95 

85  to  90 

90  to  93 

87 

90 

85  to  90 

88 

7 

100 

95  to  97 

97 

88  to  95 

95 

97 

98  5 

97  5 

96 

96.  5 

8           

15  to  30 

15  to  30 

15  to  30 

12  to  25 

16  to  30 

15  to  30 

15  to  30 

15  to  30 

15  to  30 

22  00 

9      

12  to  18 

18  to  23 

10  to  15 

13  to  16 

15  to  18 

13.00 

13.68 

15  00 

16  to  18 

\5  25 

10   

o 

4 

0.5 

1.5 

1.5 

1.5 

1.5 

4 

1  5 

2 

11 

36 

37 

36 

35 

35 

36 

36 

37 

37 

36 

a  These  five  averages  were  obtained  by  dividing  by  seven  the  sum  of  the  respective  proportions  given  for  each 
Smelter  from  which  data  were  obtained.  This  gives  a  true  average  of  the  proportions  for  each  smelter,  but  it  might  be 
considered  that  a  truer  average  for  the  camp  would  be  obtained  directly  from  the  totals  of  ore,  fluxes,  and  fuel  consumed 
during  the  year  by  these  seven  smelters.  Calculated  in  this  way,  the  average  proportions  are,  respectively,  dolomite  to 
ore,  12.50;  hematite  to  ore,  fi.51 ;  fuel  to  ore,  31.99;  fuel  to  charge,  23.31  ;  bullion  to  ore,  19.94. 

VI.  PLANT  OF  SMELTERS. 


Smelter. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

1.  Furnaces: 

(a)  Number  in  use  

2 

6-3 

2 

2 

2 

2 

4 

3-1 

2 

(b)  Shape  

(c)  Working  capacity  ; 
tons  per  24  hours. 

Round. 
35  to  40 

Round- 
square. 

180 

Square 
70 

Square. 
40 

Hound. 
50 

Square. 
60 

Square. 
120 

Round- 
sqnare. 

100 

Round. 
50 

*.  Steam-engines: 
(a'i  Number  in  use  
(6)  Horsepower    

1 
40 

2 

160 

1 

50 

1 
40 

40 

1 
50 

2 
70  and  50 

1 

100 

1 

60 

(r)  Average    steam 
pressure,  pounds. 

60 

70 

60 

65 

70 

65 

60 

80 

70 

3.  Stone-breakers: 

(a)  Number  in  use  

2 

3 

3 

1 

2 

2 

2 

1 

1 

(b)  Capacity  numbers  .. 
4.  Cornish  rolls  : 
Number  in  use  .  . 

No.  5. 
None. 

Nos.  A,  2, 
and  5. 

3 

Noa.A,  2, 
and  5. 

1 

No.  A. 
1 

Nos.  1  and 
5. 

1 

Nos.  0 
and  4. 

jfone. 

Nos.  2  and 
5. 

2 

No.  5. 
1 

No.  A. 

5    Other  crushers 

3  stiimi)- 

Pulver- 

None. 

None. 

None. 

Small 

None 

battery. 

izer. 

mill. 

6.  Blowers: 

(rt)  Number  in  use  

2 

9 

2 

2 

2 

2 

4 

4 

2 

(b)  Capacity  numbers  ., 
7.  Dust  chambers  : 

No.  5. 

Xos.  4.4.J. 
anil  5. 

No.  5J. 

No.  5. 

NOB.  4J 
and  5J. 

No.  5. 

Nos.  4i,  5, 
5J,  and  6. 

NOD.  5  and 
&}. 

No.  54. 

(a)  Number  in  use  

1 

2 

2 

1 

1 

2 

4 

1 

2 

(b)  Construction  mate- 
rial. 

Bricks. 

Sheet- 
iron. 

Lime- 
stone. 

Sheet- 
iron. 

Bricks. 

Sheet- 
iron. 

Bricks. 

Sheet- 
iron. 

Sheet- 
iron. 
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VII.  LABOR. 
1.  Xvmbcr  of  each  dan  of  employed  per  "H  hovrt,  when  workt  are  infuUblatt. 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

Staff 

4 

9 

7 

4 

6 

5 

5 

5 

5 

2 

g 

2 

1 

3 

2 

I 

2 

27 

g 

4 

4 

4 

13 

g 

4 

32 

2 

4 

12 

9 

3 

27 

4 

4 

13 

g 

4 

32 

48 

26 

10 

8 

g 

10 

5 

7 

2 

81 

60  to  70 

10  to  15 

12 

20 

20  to  25 

10 

20 

2.  Length  qf  thiftjor  employta  (in  hmtn). 


13 

12 

g 

12 

12 

12 

12 

g 

12 

12 

12 

8 

12 

12 

12 

12 

g 

12 

12 

12 

12 

12 

12 

a 

1" 

12 

1° 

12 

12 

!- 

a 

;9 

8 

12 

12 

12 

,' 

12 

12 

ii 

12 

12 

12 

12 

12 

10 

10 
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3.   Waget  per  th\ft  of  employett. 


*5  00 

$4  25 

$3  00 

*4  00 

$4  00 

$1  00 

$3  50 

3  00 

i|  ("> 

Sl  I'll 

4  00 

4  to  6  00 

5  00 

5  00 

3  00 

4  00 

4  50 

3  00 

4  oo 

3  00 

2  50 

3  00 

3  00 

3  00 

4  00 

3  50 

3  50 

3  50 

3  50 

4  00 

2  50 

3  00 

3  00 

3  00 

3  00 

3  00 

3  00 

3  00 

3  00 

2  50 

2  50 

2  50 

2  SO 

2  50 

2  50 

2  50 

2  50 

2  50 

3  50 

. 

3  00 

4.  Aggregate  lalary  of  $1af  per  month. 


$870    ;      $1,350 

11,400 

*700 

$l,100i        $800 

$900 

$800 

Noduta 

5.  Total  talariet  and  wages  per  twenty-four  hours. 

Total 

»197  50       $097  50 

*328  52 

$122  51 

$110  18  1    $140  30 

1 

$232  58 

$176  30 

No  data 
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CONSTRUCTION   MATERIALS. 

Common  brick — The  bricks  used  iu  the  construction  of  outer  walls  aud  dust- 
chambers  are  made  from  clays  found  in  California  and  Big  Evans  gulches.  Tbey  are 
made  in  a  very  simple  way:  Into  a  wooden  mold  (Figs.  9  and  10,  Plate  XL1V),  divided 
into  three  compartments  having  the  shape  and  dimensions  of  bricks,  a  lump  of  the 
clay,  brought  to  the  proper  degree  of  consistency,  is  jammed  at  one  blow  without  sub- 
sequent effort  or  pressure.  The  excess  of  clay,  represented  by  c  iu  Fig.  9,  is  cut  off  by 
means  of  an  iron  wire,  both  ends  of  which  are  fixed  to  a  wooden  handle  (Fig.  11,  Plate 
XLIV).  The  mold  is  then  reversed  and  gently  shaken.  The  detached  bricks  are 
dried  as  usual  iu  long  rows  iu  the  air.  They  are  then  piled  up  in  large  stacks  and 
burned. 

Fire-brick — The  fire-bricks  used  for  the  lining  of  furnaces  are  sent  to  Leadville 
chiefly  from  the  manufactory  of  Messrs.  Evans  &  Howard,  St.  Louis,  Missouri,  and 
also  from  the  Cambria  Fire-brick  Company,  Golden,  Colo.,  and  from  the  Denver  Fire- 
clay Company,  Denver,  Colo. 

Tapping  clay — Good  plastic  and  refractory  clay  is  needed  for  tyinp  stones,  tap- 
holes,  tamping,  and  steep  (brasque)  used  in  the  lining  of  furnace  crucibles.  The  fol- 
lowing analysis  of  tapping  clay  found  in  Big  Evans  gulch  aud  used  at  the  Grant 
smelter  was  made  by  Dr.  M.  W.  lies,  of  the  Grant  Smelting  Works: 

ANALYSIS  VII.  TAPPING  CLAY. 

Silicate  of  a  linn  in  a 74.5 

Water 14.0 

Oxide  of  irou 3.0 

Magnesia Trace 

Carbonate  of  lime 6. 8 

Free   silica...  1.0 


99.3 
(M.  W.Iles.) 

Other  materials — When  the  smelting  works  are  erected  on  the  plans  of  super- 
intendents, the  smelting  implements  are  derived  from  various  sources.  The  cast- 
ings, however,  such  as  water-jackets,  iron  pillars,  plates  for  supports  and  frames 
of  crucibles,  ingot-molds,  slag-pots,  etc.,  are  generally  made  by  Messrs.  Heudey  & 
Meyer,  of  Denver;  while  the  boilers  and  engines  are  made  by  different  foundries.  Iu 
many  cases  smelters  have  found  it  more  convenient  and  advantageous  to  obtain  the 
whole  of  their  smelting  plant  from  Messrs.  Fraser  &  Chalmers,  of  Chicago,  111.,  who 
are  prepared  to  furnish  a  complete  smelting  outfit,  from  the  crushers  aud  furnace 
down  to  ingot-molds  and  tainpiug-rods. 


FUELS   AND   FLUXES. 

Coke — Coke  is  made  in  El  Moro,  on  the  Rio  Grande  Railroad,  from  Cretaceous 
coals  found  there;  it  is  known  in  Leadville  as  El  Moro  coke.     It  is  also  made  iu  Como, 
on  the  South  Park  Railroad,  from  Como  Cretaceous  coals,  and  is  then  known  in  Lead- 
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ville  as  South  Park  coke.  From  Messrs.  Billing  &  Eilers,  prominent  smelters  of 
Leadville,  the  following  information  respecting  coke  has  been  obtained.  The  compo- 
sition of  the  ash  was  determined  in  their  laboratory. 

ANALYSES  VIII  AND  IX.  COKES. 


VIII,  El 
Morocoke. 

IX,  South 
Park  coke. 

22.0 

9.5 

Composition  of  ash  : 

Silica 

84  5 

29  1 

7  1 

47  8 

8.4 

23.1 

100.0 

100.0 

The  weight  of  coke  per  bushel  is  about  40  pounds,  so  that  one  ton  of  coke  con- 
tains about  50  bushels.  Detailed  information  respecting  the  consumption  of  coke,  its 
price,  and  relation  to  charcoal  has  already  been  given  in  Table  IV. 

Charcoal — This  fuel  is  made  from  the  spruce  tree,  which  abounds  in  the  vicinity 
of  Leadville.  The  pine  wood,  cut  in  lengths  of  four  feet,  is  converted  into  charcoal  by 
the  usual  process  of  slow  burning  in  pits  or  kilns.  The  pits  consist  of  stncks  of  wood 
40  feet  long,  12  feet  high,  and  15  feet  wide,  entirely  covered  with  earth.  Apertures 
provided  at  the  base  of  this  rough  kiln  allow  the  slow  combustion  of  wood  to  take 
place.  When  the  operation  is  completed  the  apertures  are  stopped  with  earth  and 
the  whole  mass  is  allowed  to  cool  thoroughly.  The  charcoal  made  in  this  way  is  not 
of  very  good  quality;  that  made  in  kilns  is  much  better. 

Charcoal  kilns — In  the  valley  of  the  Arkansas,  south  of  Malta,  there  are  several 
establishments  each  provided  with  nine  or  eleven  beehive-shaped  kilns,  erected  espe- 
cially for  the  purpose  of  supplying  the  smelters  with  charcoal.  The  olde;t  establish- 
ment of  this  kind  is  to  be  found  in  California  gulch,  in  close  proximity  to  the  south 
bank  and  opposite  to  Messrs.  Billing  &  Eih-rs's  smelter;  these  kilns  were  erected  by 
Mr.  McAllister,  who  was  the  first  to  introduce  them  in  the  vicinity  of  Leadville,  and 
from  him  was  obtained  the  following  information :  His  establishment  consists  of  six 
kilns,  similar  in  every  respect,  one  of  which,  drawn  to  scale,  is  represented  on  Plate 
XXVIII.  Figs.  3  and  4.  The  kilns  are  beehive-shaped ;  they  are  made  of  fire-brick 
cemented  with  lime-ami  sand  mortar,  each  kiln  being  mnde  of  18,000  bricks.  The 
greatest  diameter  is  22  feet,  the  height  21  feet.  In  front  of  the  kiln  is  a  charging  and 
discharging  opening,  A,  5  feet  5  inches  high  and  5  feet  wide,  closed  by  a  sheet-iron 
door,  and  at  the  back  and  upper  part  of  the  kiln  is  a  feed-hole -or  door,  B,  similarly 
closed,  4.J  feet  high  and  the  same  in  width.  This  feed-hole  is  placed  at  a  height  of  16 
feet  from  the  ground.  It  is  connected  by  a  tramway,  running  over  a  bridge,  with  the 
wood-stacks  on  the  upper  part  of  the  bank  of  the  gulch.  This  wood  is  already  cut  in 
lengths  of  four  feet.  At  the  base  of  the  kiln  are  three  rows  of  apertures  3  inches  by 
4  inches  and  two  feet  apart.  The  rows  are  1  foot  apart  and  contain  from  22  to  25 
apertures.  These  holes  may  be  closed  at  will  with  bricks  and  clay. 

The  pine  wood,  cut  in  lengths  of  four  feet,  as  has  been  previously  stated,  is  tirst 
piled  through  the  lower  opening,  A  (large  stacks  of  wood  stand  on  this  level),  and 
afterwards  through  the  upper  door,  B,  and  in  this  way  the  kiln  is  completely  filled. 


FUELS  AND  FLUXES  USED  IN  SMELTING.  643 

Both  doors  being  left  open  to  create  a  draft,  a  charcoal  and  dry-wood  fire  is  kindled 
at  tne  door  A.  Both  doors  are  then  closed  and  hermetically  sealed  with  clay,  and  the 
combustion  is  regulated  by  means  of  the  apertures  0,  which  are  left  open  or  are  closed, 
according  to  the  intensity  or  direction  of  the  wind.  The  air  enters  at  the  lower  row 
and  the  -smoke  escapes  at  the  upper. 

For  the  complete  transformation  of  wood  into  charcoal  in  these  kilns  it  requires 
from  four  to  eight  days,  according  to  whether  the  wood  is  dry  or  green.  Dry  wood 
produces  a  greater  percentage  of  charcoal  and  of  better  quality  than  green  wood. 
When  the  combustion  is  completed,  all  the  apertures  are  hermetically  sealed  by  means 
of  bricks  and  clay  and  the  kiln  is  allowed  to  cool  thoroughly.  The  cooling  requires 
about  four  days. 

Each  kiln  holds  from  25  to  27  cords  of  wood,  or  about  3,o50  cubic  feet ;  one  cord 
of  wood  produces  about  50  bushels  of  charcoal.  In  consequence,  each  kiln  yields  on 
an  average  1,300  bushels  of  charcoal  in  10  days.  During  each  operation  about  two 
gallons  of  creosote  tar  runs  out  at  the  lower  part  of  the  ground  door,  but  no  use  is 
made  of  it.  The  charcoal  made  in  this  way  is  of  excellent  quality  and  gives  great 
satisfaction. 

Tbe  weight  of  one  bushel  of  charcoal  is  about  14  pounds ;  consequently  there  are 
about  142i  bushels  of  charcoal  to  the  ton. 

Composition  of  ash. —  At  the  Leadville  smelters  charcoal  is  said  to  contain  about 
2.5  per  cent,  of  ash.  This  figure  is  probably  quite  correct  for  pit-charcoal.  A  rough 
examination  was  made  of  a  fine  jet  black  piece  of  charcoal  from  McAllister's  kilns, 
picked  from  the  heap  at  Messrs.  Billing  &  Eilers's  smelter.  This  gave  only  1.G2  per 
cent,  of  ash,  containing  0.42  per  cent,  of  soluble  salts  (carbonate  of  potash  and  soda, 
with  some  chlorides)  and  1.20  per  cent,  of  alumina,  silica,  lime,  phosphates,  etc.  A 
rough  examination  was  also  made  of  some  charcoal  ash  found  in  the  laboratory  of  the 
Gumming  &  Finn  smelter;  the  proportion  of  soluble  alkaline  salts  was  about  the 
same  as  in  the  preceding,  but  the  insoluble  residue  was  chiefly  composed  of  alumina. 
In  all  probability  the  composition  of  charcoal  ash  varies  according  to  the  nature  of 
the  soil  upon  which  the  trees  grew.  In  the  discussion  on  smelting,  2.5  per  cent,  has 
been  adopted  as  the  average  percentage  of  ash  in  charcoal. 

Dolomites. — The  dolomites  are  extracted  chiefly  from  theDugan  and  Montgomery 
quarries  and  from  the  Glass- Pendery  and  Carbonate  mines.  The  consumption,  price, 
and  proportion  of  dolomite  used,  etc.;  will  be  found  in  Table  IV.  The  samples  which 
were  analyzed  in  the  laboratory  of  the  Survey  were  prepared  by  mixing  equal  weights 
of  typical  specimens  picked  up  on  the  heap  at  various  smelters. 

Analysis  X  is  that  of  the  Dugan  dolomite  from  the  Dugau  quarry,  near  Mount 
Zion,  Arkansas  Valley.  This  dolomite  is  in  rather  largo,  indistinct  crystals,  with  a 
bluish-black  tinge  and'with  white,  creamy-yellow,  and  red  spots.  The  specimens  were 
found  at  the  Gumming  &  Finn  and  Elgin  smelters. 

Analysis  XI  is  that  of  the  Montgomery  dolomite,  from  the  Montgomery  quarry, 
on  Iron  Hill,  California  gulch.  This  dolomite  is  in  compact,  homogeneous  masses,  with 
a  fine  crystalline  structure  and  a  bluish-black  tinge.  The  specimens  were  collected  at 
the  American,  California,  Grant,  Harrison,  La  Plata,  and  Billing  &  Eilers's  smelters. 

Analysis  XII  is  that  of  dolomite  from  the  Glass- Pendery  mine,  on  Carbonate  Hill. 
This  dolomite  has  a  very  peculiar  appearance.  It  is  formed  of  homogeneous  and  very 
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friable  masses,  composed  of  indistinct  aud  exceedingly  small  crystals,  with  a  uniform 
grayish  tinge.  The  specimen  analyzed  was  found  at  Grant  sinelter,  where  a  large 
quantity  of  it  is  used. 

ANALYSES  X,  XI,  AND  XII.  DOLOMITES. 
Elementary. 


national. 


A  I  i;.l  \  M  s  X 

(Dugan). 

Analysis  XI 
(Montgomery). 

Analysis  XII 
(Glass-  Peudery). 

46.9262 

43.  7947 

47  ZW* 

Chlorine                    

0.1429 

0.  0618 

0  0408 

Trace 

Tiace 

Trace 

0.1224 

0.  OC76 

0  0328 

0  0697 

0  0273 

0  0119 

0.0386 

0  0151 

0  0110 

Trace 

Trace 

"30.  4297 

27  2586 

29  9671 

20.  7843 

20.  0455 

21  5230 

0  0533 

0  0620 

0  i99g 

0.3827 

0  5742 

0  1275 

Trace 

Faint  trace 

0  1062 

0  0974 

0  223° 

snioa                                    

11  7i'f,4 

7  7652 

0  °748 

0.  1673 

0.  1068 

0  0400 

0.0250 

0.0676 

0  0152 

Water 

0.0440 

0  0550 

0  0707 

Lost                     .             

0.0013 

0.0012 

0  0700 

Total        

1  IX).  WOO 

100.0000 

100  0000 

54.  0837 

48.5353 

53.  4445 

43  G470 

42  0955 

45  1983 

1!    ID-lS 

0.  1003 

0  3232 

".OK'. 

0.  9251 

0  2054 

Trace 

None 

Trace 

0.2052 

0.  1464 

0.  0710 

0  1774 

0  OG94 

0  0456 

0.  0738 

0  0"'88 

0  0181 

Chlorides  of  magnesium  and  calcium  .  .  . 

Traces 
Trace 

Traces 
Trace 

Traces 

Silica 

0.7064 

7  7652 

0  2748 

0.  1C73 

0.1068 

0.0400 

0.1062 

0.0974 

0.2232 

0.0250 

0  0676 

0  015° 

0.0440 

0.0550 

0.  0707 

0.0013 

0.0072 

0.0700 

Total   

100  0000 

100.0000 

100.0000 

Discussion. — The  dolomites  used  in  smelting  are  true  dolomites,  in  which  small 
quantities  of  carbonate  of  lime  and  magnesia  are  replaced  by  carbonates  of  manganese 
aud  iron.  The  presence  of  chlorides  was  at  first  puzzling,  for  the  reason  that  about 
half  the  total  quantity  of  chloride  was  soluble  in  boiling  water  when  the  dolomites 
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were  finely  powdered,  the  other  half  insoluble.  The  insoluble  chloride  might  have 
been  contained  in  apatite  crystals  combined  with  calcium.  A  microscopical  examina- 
tion by  Mr.  Whitman  Cross  disclosed,  however,  no  apatite,  but  a  very  great  number 
of  minute  fluid  inclusions.  Both  he  and  Dr.  W.  F.  Hillebraud  were  led  to  believe  that 
the  chlorides  were  contained  in  the  inclusions.  Dr.  Hillebrand  partly  proved  it  by 
levigating  the  dolomites  and  thereby  extracting  nearly  three-fourths  of  the  chlorides 
by  treatment  with  water.  Mr.  Emmons  directed  me  to  make  experiments  on  dolomites 
broken  into  small  pieces,  but  not  powdered.  These  were  digested  with  water  over  a 
water-bath  for  48  hours.  The  first  solution  contained  only  traces  of  chlorides,  and  the 
experiment  being  repeated  a  second  time  in  the  same  conditions  the  second  solution 
did  not  contain  any  chlorine,  thus  proving  that  the  chlorides  are  not  impregnating  the 
mass  of  the  rock,  but  are  contained  within  the  crystals  of  dolomite.  The  fact  that  the 
Glass-Pendery  dolomite,  which  is  half  disintegrated,  contains  much  less  chloride  than 
the  dolomites  in  compact  masses  corroborates  these  views. 

The  Dugau  aud  Montgomery  dolomites  have  another  point  of  interest,  which 
should  not  be  overlooked.  These  dolomites  contain  traces  of  sulphides,  whether  of 
iron  or  of  calcium  there  was  no  time  to  determine.  The  fact  is,  however,  that  no  sul- 
phide of  iron  is  visible  in  the  microscopical  section  and  that  the  dolomites  treated 
by  weak  acids  evolve  unmistakable  sulphureted  hydrogen.  Should  the  presence  of 
sulphide  of  calcium  eventually  be  proved  beyond  a  doubt  it  would  give  a  great  prac- 
tical value  to  the  observation  made  by  the  writer,  that  carbonate  of  lime  is  extremely 
soluble  in  sulphide  of  calcium.  This  reaction  is  so  striking  that  it  seems  prob- 
able that  it  plays  a  great  part  in  nature  and  that  carbonates  of  lime  may  be  carried 
away  in  alkaline  solutions  as  well  as  in  acid  ones  and  deposited  from  these.  On  the 
other  hand,  there  seems  to  be  a  relation  between  the  quantity  of  organic  matter  and 
the  quantity  of  sulphides  contained  in  the  dolomites.  The  Glass-Pendery  dolomite, 
which  contains  only  traces  of  organic  matter,  has  no  sulphides,  while  the  Mont- 
gomery dolomite,  which  contains  the  largest  proportion  of  organic  matter,  contains 
also  the  largest  amount  of  sulphides.  These  relations  may,  however,  be  purely  acci- 
dental. The  dolomites  were  examined  for  the  precious  metals,  but  no  silver  could  be 
detected  in  either  of  them,  although  it  is  said  in  Leadville  that  the  Glass-Pendery  dolo- 
mite contains  from  one  to  two  ounces  and  the  Carbonate  Mine  dolomite  from  two  to 
six  ounces  of  silver  to  the  ton. 

To  complete  the  discussion  of  dolomites  a  few  analyses  made  at  various  Leadville 
smelters  are  given  below.  The  average  composition  of  dolomites,  which  has  been 
adopted  in  the  discussion  on  smelting,  was  derived  from  them. 

Jnalysis  of  a  Glass-pendery  dolomite  once  used  at  the  California  smelter,  made  at  the  time  by  tte  superintend- 
ent, Mr  J.  E.  Eardman. 

ANALYSIS  XIII.  DOLOMITE. 

Carbonate  of  limo 50.03 

Carbonate  of  magnesia 35. 16 

Silica 1.14 

Protoxide  of  iron 0.41 

Alumina 2.62 

Moisture 10. 64 

ICO.  CO 
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Analyses  of  dolomites  mails  tn  the  Grant  Smelting  Works  by  Vr.  M.  W.  lies. 


XIV. 

XV. 

XVL 

XVII. 

XVIIL 

XIX. 

C6  50 

64.94 

49.57 

57.95 

51  60 

55  35 

Carbonate  of  magnesia  

25.10 

41.90 

37.08 
6  23 

39.65 

39.77 

39.35 

Silica 

2  70 

0.93 

4  22 

0.76 

2.50 

2.80 

Alumina  and  peroxide  of  iron... 

6.40 

1.31 
0.21 

3.53 
None 

1.65 
None 

6.13 
None 

2.50 

Total 

100  70 

09  32 

100  63 

100  01 

10<).  00 

100.00 

NOTE.— Analyses  XIV  and  XV,  locality  not  given;  XVI.  Glass  mine  dolomite ;  XVII,  Carbonate  mine  dolomite, 
said  to  contain  from  two  to  six  ounces  of  silver  to  tbc  toil ;  X  VIII  and  XIX,  Glass-Fendery  dolomite,  said  to  contain  from 
one  to  two  ounces  of  silver  to  the  ton. 

The  superintendents  in  Leadville  do  not  like  dolomite  as  a  flux.  It  is  probable  that 
before  long  limestone  will  be  substituted  for  it.  Already  Messrs.  Billing  &  Eilers  have 
experimented  at  their  smelter  with  perfectly  pure  arragonite  from  the  Duncan  quarry, 
Arkansas  Valley,  close  to  Leadville,  and  the  results  have  been  most  satisfactory. 

Limestone —  Should  limestone  be  used  instead  of  dolomite,  it  might  be  brought 
from  Kobiusou,  in  the  Ten-Mile  District,  1C  miles  distant,  or  from  Cafioii  City,  about  one 
hundred  and  thirty  miles  south  of  Leadville,  on  the  Eio  Grande  Uailroad.  These  linn-- 
stones are  similar  in  appearance  to  lithographic  limestone.  That  from  Hobinsou  (Upper 
Carboniferous)  contains  97.11  per  cent,  of  carbonate  of  lime,  as  determined  by  Dr."\V.  F. 
Hillebrand.  The  following  analysis  of  the  Cafiou  City  limestone  (Cretaceous)  was 
made  by  Dr.  M.  W.  lies. 

ANALYSIS  XX.  CASOS  CITY  LIMKSTONE. 

Carbonate  of  liiuo 83.90 

Carbonate  of  magnesia 6. 30 

Silica 3.10 

Alumina  and  oxide  of  iron 1.50 


9<J.80 

Hematite — The  hematite  used  as  a  flux  at  the  smelters  is  chiefly  extracted  from 
the  Breece  Iron  mine,  on  Breece  Hill,  but  at  one  smelter  some  Silver  Wave  mine  iron 
ore  is  also  much  used  as  a  flux.  This  ore  was  uot,  however,  examined.  The  sample  of 
Breece  Hill  hematite,  which  was  examined  in  the  laboratory  of  the  Survey,  was  made 
from  specimens  collected  on  the  hematite  heaps  of  the  following  smelters:  American, 
California,  Elgin,  Harrison,  and  Billing  &  Eilers. 

The  following  is  the  description  of  the  specimens  and  the  color  of  their  streaks: 

1.  Black,  submetallic  luster;  red  spots;  reddish  violet  streak. 

2.  Red  and  yellow ;  silicions  appearance ;  deep  brick-colored  streak. 

3.  Very  compact ;  submetallic  luster;  magnetic;  black  streak. 

4.  Compact;  dull  luster;  light  brick-colored  streak. 

5.  Black ;  submetallic  luster ;  brownish  streak. 

In  Analysis  XXI  the  decimals  are  carried  to  six  figures,  in  order  to  introduce 
both  gold  and  silver. 
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ANALYSIS  XXI.  BREECE  IKON  ORK. 


Elementary 

Iron  .......................   ........................................  66.443392 

Manganese  ..........................................................  0.007280 

Nickel  and  cobalt  .....................  ...............................  Trace 

Ziuc  ................................................................  0.  025201 

Copper  ..............................................................  0.022597 

Gold  ................................................................  0.000102' 

Silver  ..............................................................  0.  C00404 

Arsenic  ...  ..........................................................  0.007174 

Autimqny  ..........  .  ................................................  Trace 

Oxygen  .............................................................  27.4301715 

Chlorine  (traces  calculated)  ..........................................  0.  000132 

Water  ..............................................................  0.290000 

Carbonic  acid  .......................................................  2.444655 

Phosphoric  acid  .....................................................  0.100740 

Titanic  acid  .........................................................  0.052250 

Silica  .....................................................  .  .........  2.388500 

Lime  ................................................................  0.  121800 

Magnesia  .....................  .......................................  0.619900 

Alumina  ............................................................  0.045000 

Loss  .  0.  000700 


100.  000000 

Silver,  0.13  ounce  to  tbe  ton. 

Gold,  0.06  ounce  to  tbe  ton. 

IMlonal  analysis. 

Peroxide  of  iron 71.843540 

Magnetic  oxide  of  iron  (Fe3O4) 18.009740 

Carbonate  of  iron 6.445000 

Chloride  of  silver 0.000536 

Gold 0. 000102 

Arsenic  acid  (combined  with  FejO3) 0.  OIK  00 

Oxide  of  copper 0.028300 

Oxide  of  zinc 0. 031400 

Peroxide  of  manganese 0.011500 

Oxides  of  cobalt,  nickel,  and  antimony Trace 

Phosphate  of  lime 0.218140 

Titanic  acid  (in  the  state  of  titunale  of  irou) 0.052250 

Silica 2.388500 

Lime 0.004400 

Mnguesia 0.619900 

Alumina 0.045000 

'Water 0.290000 

Loss  . .  0. 000692 


100.  OOOOC.O 

Discussion. — The  hematite  was  not  examined  either  for  bromine  or  iodine,  with 
which  silver  is  generally  combined  in  Leadville.  Chromium,  tungsten,  molybdenum, 
and  vanadium  were  carefully  sought  for,  but  no  traces  of  these  metals  could  be  detected. 

Titanium  could  only  be  found  by  a  method  which  was  specially  devised  for  its 
detection,  and  which  is  the  following :  The  hydrochloric  solution  of  hematite  is  reduced 
to  the  minimum  of  oxidation  by  sulphureted  hydrogen  and  then  boiled  to  expel  the 
excess  of  this  gas.  The  solution  is  then  as  nearly  as  possible  neutralized  with  an 
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alkali  and  boiled  with  an  excess  of  hyposulphite  of  soda,  which  precipitates  titanic 
acid,  alumina,  and  a  little  soluble  silica.  The  precipitate  collected  on  a  filter,  washed 
thoroughly  and  calcined,  is  treated  in  a  platinum  vessel  with  a  mixture  of  sulphuric, 
hydrochloric,  and  hydrofluoric  acids,  and  the  whole  is  evaporated  to  dryness.  The  res- 
idue is  fused  with  bisulphate  of  potash,  and  titanic  acid  is  extracted,  as  usual,  by  boil- 
ing the  dilute  solution. 

Although  magnetic  oxide  of  iron  is  reported  in  the  analysis  with  the  formula 
Fe3O4,  this  is  not  exact.  The  writer  succeeded  in  isolating  this  oxide  in  a  state  of  great 
purity  by  alternately  extracting  it  with  the  magnet  and  rubbing  it  with  the  finger  on  fil- 
ter paper  until  it  no  longer  soiled  the  paper,  to  which  the  non-magnetic  oxides  remained 
attached.  It  was  then  analyzed,  and  its  composition  is  represented  by  the  formula 
Fe20O27=G(FeO)+7(Fe2O3),  instead  of  7(FeO)+7(Fe2O3),  which  would  be  equivalent  to 
the  formula  Fe3O4.  It  is  only  quite  natural  that  magnetic  oxide  formed  in  the  midst 
of  peroxide  of  iron  should  contain  an  excess  of  this  oxide.  The  writer  assumes  that 
the  force  of  adhesion  was  used  for  the  first  time  in  this  instance  for  the  mechanical  sep" 
aration  of  substances.  It  has  been  employed  since  in  connection  with  the  use  of  the 
magnet  in  investigations  on  the  nature  of  different  metallurgical  products,  and  in  ench 
case  it  has  led  to  interesting  results. 

QBE-BEDS. 

Smelting  charges  consist  of  mixtures  of  ore  with  fluxes  and  fuel  in  definite  but 
somewhat  varying  proportions,  previously  determined,  so  as  to  produce  a  desired 
chemical  combination. 

The  ore  entering  into  the  smelting  charge  may  be  an  unmixed  ore  of  known 
composition,  or  a  previously-prepared  mixture  of  ores,  called  an  ore-bed,  or  a  combi- 
nation of  the  two. 

t're-beds  are  prepared  by  superposing  layers  of  different  ores  of  known  weight 
and  composition  in  such  proportion  as  to  produce  mixtures  of  known  contents  in  lead, 
silver,  iron,  and  silica. 

Composition  of  ore-beds — Ore-beds  are  generally  made  to  contain  equal  parts  of 
metallic  iron,  metallic  lead,  and  silica  or  gangue,  or  from  20  per  cent,  to  25  per  cent, 
of  each.  The  relation  between  lead  and  silver  is  about  six  pounds  of  lead  to  one  ounce 
of  silver;  but  this  relation  often  varies,  as  well  as  the  percentage  of  lead,  while,  on  the 
contrary,  the  percentage  of  iron  and  gangue  remains  pretty  constant. 

The  great  advantage  derived  from  the  preparation  of  ore-beds,  besides  giving 
mixtures  of  known  composition,  is  that  of  drying  the  ore,  an  operation  which  if  carried 
on  in  the  furnace  would  absorb  an  enormous  amount  of  heat. 

In  Table  V  will  be  found  the  following  particulars  in  regard  to  seven  different 
ore-beds : 

1.  Humid  weight  of  each  ore-bed  iu  pounds. 

2.  Average  percentage  of  moisture  for  each  ore-bed. 

3.  Dry  weight  of  each  ore-bed  in  pounds. 

4.  Percentage  of  silica  or  gaugue  for  each  ore-bed. 

5.  Total  weight  of  silica  iu  pouuds  for  each  ore-bed. 

6.  Percentage  of  iron  for  each  ore-bed. 

7.  Total  weight  of  iron  iu  pounds  for  each  ore-bed. 

8.  Average  tenor  of  silver  in  ounces  to  ton  for  each  ore-bed. 

9.  Total  weight  of  silver  in  ounces  for  each  ore  bed. 

10.  Percentage  of  lead  for  each  ore- bed. 

11.  Total  weight  of  lead  in  pounds  for  each  ore-bed. 
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TABLE  V. — Composition  of  ore-bed*. 


Number  of  ore-bed. 

Ore. 

Silica. 

Iron. 

Silver. 

Lead. 

Humid 
weight. 

Moist- 
ure. 

Dry 

weight. 

Per 
cent. 

Total 
weight. 

Per 

cent. 

Total 
weight. 

Ounces 
to  the 
ton. 

Total 
weight. 

Per 
cent. 

Total 
weight. 

1                          

Lbs. 
410,355 
340,915 
302,690 
283,000 
279,475 
330,805 

P.ct. 
10.2 
10.8 
10.7 
9.4 
12.0 
10.2 

Us. 
368,  430 
304,  099 
2TO,  257 
256,  358 
245,902 
296,  920 
235,  340 

21.54 
26.50 
22.30 
22.00 
20.00 
25.40 
17.35 

Lbs. 
79,  375 
80,  840 
60,  354 
56,  475 
49,  321 
75,  556 
40,  831 

21.48 
23.20 
22.10 
26.40 
16.60 
21.86 
24.78 

Lbs. 
79,  160 
70,  779 
59,  975 
67,  876 
40,  841 
64,696 
"58,  321 

42.94 
39.12 
35.03 
61.62 
66.02 
65.03 
56.53 

Ounces. 
7,912 
5,946 
4,734 
7,898 
8,146 
9,690 
6,  651.  9 

19.50 
19.60 
20.00 
21.00 
28.20 
19.00 
23.45 

Lbi. 
71,  868 
5rf,  875 
54,105 
54,135 
69,  437 
58,  267 
55,  239 

2          

3         

4    

5     

6     

7       ...          

1,  977,  306 

22.  40 

442.  752 

22.30 

441,  648 

51.56 

50,  977.  9 

21.30 

420,  926 

i 

No.  1  is  made  at  Smelter  H  of  ore  from  the  Amie,  Hibernia,  Homestake,  and  Morning  Star  mines. 
Xo.  2  is  made  at  Smelter  H  of  ore  from  the  Amie,  Chrysolite,  Evening  Star,  Morning  Star,  and  Virginius  mines. 
No.  3  is  made  at  Smelter  II  of  ore  from  the  Amie,  Evening  Star,  Hibernia,  Homestake,  Little  Giant,  Morning  Star,  etc. 
No.  4  is  made  at  Smelter  H  of  ore  from  the  Amie,  and  Evening  Star. 
No.  5  Is  made  at  Smelter  H  of  ore  from  the  Amie,  Adelaide  ,  and  of  flue-dust. 
No.  6  Is  made  at  Smelter  H  of  ore  from  the  Amie,  Morning  Star,  etc. 

No.  T  is  made  at  Smelter  B  of  ore  from  the  Catalpa,  Evening  Star,  Henriett,  Hibernia,  Highland  Chief,  Morning 
Star,  and  Silver  Wave  mines. 

A  consideration  of  Table  V  shows — 

1.  That  the  ore  beds  vary  a  good  deal  in  weight ;  in  Ihe  examples  given,  from  117  to  189  tons. 

2.  That  the  mixtures  contain  on  an  average  about  the  same  quantity  of  silica,  iron,  and  lead. 

3.  That  on  an  average  the  relation  of  silver  to  lead  by  -weight  is  as  1  to  120.4,  or  one  ounce  of  silver 
to  8i  pounds  of  lead. 

4.  That  the  anionnt  of  moisture  is  pretty  constant. 

SMELTING   OHABGES. 

By  smelting  charges  will  be  designated  the  combined  weights  of  ore,  fluxes,  and 
fuel  thrown  at  the  same  time  into  the  furnaces,  and  by  charges,  the  weights  of  ore  and 
fluxes  entering  into  the  composition  of  the  smelting  charges.  The  word  ore  embraces 
ore  beds  and  unmixed  ores,  and  the  word  fluxes,  dolomite,  hematite,  and  old  slags. 
The  weights  of  smelting  charges  differ  a  good  deal,  according  to  the  capacity  of  the 
furnaces.  The  term  fuel  will  always  be  used  for  the  mixtures  of  coke  and  charcoal 
used  in  Leadville.  Although  the  amount  of  fuel  used  in  smelting  will  always  be  giveii 
in  weight,  it  must  be  remembered  that  coke  and  charcoal  are  not  weighed  at  all  smelters, 
but  are  as  often  measured  by  the  shovel  or  the  barrow ;  the  volume  has  been  converted 
into  weight  for  comparison. 

SMELTKR  A. 

The  information  obtained  at  this  smelter  is  not  very  satisfactory.  The  smelting 
charges  are  made  up  of — 


Ore,  150  pounds. 

Flux,  50  pounds. 

Fuel,  35  pounds. 

Ore  bed                             100 

10     Charcoal  15 

10     Coke  20 

20 

Charge  (ore  and  flux),  2(0  rounds.    Smelting  charge  (ore,  flns,  and  fuel).  235  ponnda. 
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When  coke  is  scarce  the  above  fuel  is  used,  but  when  coke  is  plentiful  tbe  fuel 
preferred  is  35  pounds  of  a  mixture  of  CO  per  cent,  coke  and  40  per  cent,  charcoal. 
The  proportions  are  as  follows: 

Flux  to  ore  33J 

Fuel  to  ore 23J 

Fuel  to  charge  .• 17£ 

This  would  form  a  very  lair  smelting  charge;  but,  if  we  reconstruct  an  average 
charge  from  the  consumption  of  ore,  tlux,  aud  fuel,  giveu  for  this  smelter  in  Table  IV, 
we  find  the  following  result: 


Ore,  160  pounds. 

Flux,  37.5  pounds. 

Fuel,  68  pounds. 

Ore  150 

Dolomite  8.  4 

Charcoal  19.7 

Hematite                     4  I 

Cuke                         48  3 

Old  slags      .-             30  0 

* 

Charge  (ore  and  flax),  187.5  pounds.    Smelting  clmrge  (ore,  flux,  anil  fuel),  255.5  )>ouud8. 

Tne  discussion  of  this  average  charge  leads  to  the  following  results: 

Proportion  of  flux  to  ore 20 

Proportion  of  fuel  to  ore 4u^ 

Proportion  of  fuel  to  charge 36J 

After  inspecting  these  figures  110  one  will  be  surprised  to  hear  that  the  supeiin- 
tendent  of  this  smelter  complains  bitterly  of  his  furnace.  The  furnaces  are  undoubt- 
edly very  clumsy,  but  they  are  constructed  on  the  same  plau  as  all  the  other  furnaces 
in  the  camp,  and  the  fault  lies  chiefly  in  the  fact  that  less  hematite  aud  dolomite  is 
used  at  this  smelter  thau  at  any  other,  that  the  slags  are  less  fluid  thau  any  others 
in  the  camp,  aud  that  the  enormous  percentage  of  fuel  exhausts  itself  uselessly  on 
refractory  charges.  The  number  of  smelting  charges  run  through  each  furnace  in 
tw  enty-four  hours  is  equal  to  300. 

SMELTEH  Ii. 

Sme'tliig  cliaryt*  made  in  August,  Ib80. 
No.  1. 


Ore,  510  pounds. 

Flux,  'JOO  pounds. 

Fuel,  140  pounds. 

Ore-  bed                      200 

Dolomite                       50 

Old  slags                     150 

Coke                               00 

Various  rich  ores  .  .  200 

1 

Charge  (ore  and  flux),  710  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  650  pounds. 

No.  2. 


Ore,  510  poui.ds. 

Flux,  190  pounds. 

Fuel,  140  pounds. 

Ore-bed                        100 

Charcoal                      80 

Low-grade  ore  100 
Various  rich  ores  .  .  300 

Old  slags  1JO 

Coke  60 

,  700  pounds.    Smelting  charge,  840  pounds. 
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SMELTER  B. 

Smelting  charges  made  in  August,  1&80 — Continued. 
No,  3. 


Ore,  510  pounds. 


Flux,  100  pounds. 


Ore-bed ISO  j  llolomite  . 

Low-grade  ores ICO  j  Old  slags  . 

Various  rich  ores..  250 
Lead  scraps 10 


40 
150 


Fuel,  140  pounds. 


Charcoal 80 

Coke  ...  ..  60 


Charge,  700  pounds.    Smelting  charge,  840  pounds. 
No.  4. 


Ore,  500  ponuds. 


Flux,  150  pounds. 


Fuel,  140  pounds. 


Ore-bed 300  i  Doloniile 50     Charcoal 70 

Various  rich  ores..  200  j  Old  slags 100  '  Coke '. 70 

Charge,  650  pounds.    Smelling  charge,  790  pounds 

At  Smelter  B  fuel  is  measured  by  the  wheelbarrow.  Eighty  pounds  of  charcoal 
represent  one  charcoal  barrow  made  of  thiii  sheet-iron  and  holding  about  5£  bushels. 
Sixty  pounds  of  coke  represent  an  ore  barrow  used  also  for  coke.  In  Fig.  2,  Plate 
XXXI  (elevation  of  Smelter  C),  both  kinds  of  barrows  are  indicated. 

In  the  smelting  charges  Nos.  1,  2,  3,  and  4,  the  average  proportions  are: 

Flux  to  ore 36 

Fuel  to  ore , 27  i 

Fuel  to  charge SOi 

If  we  reconstruct  aii  average  smelting  charge  from  data  given  in  Table  IV  we 
find  — 

Ore,  500  pounds.  Flux,  200.7  pounds.  Fuel,  165.1  pounds. 

Variousores 500     Dolomite 69.85     Charcoal 100.8 

Hematite 1.85     Coke 64.3 

Old  slags 135 

Charge  (ore  and  flux),  700.7  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  871.8  pounds. 

The  figures  represented  here  are  normal;  the  great  amount  of  old  slags  used  at 
this  smelter  accounts  for  the  relatively  small  proportion  of  hematite.  The  percentage 
of  fuel  is  in  excess  of  that  given  in  the  preceding  examples,  for  the  reason  that  part 
of  the  fuel  at  the  smelters  is  used  for  assaying,  heating,  and  various  other  purposes 
besides  smelting. 

The  proportions  in  the  average  charge  are  as  follows : 

Flux  to  ore 41i 

Fuel  to  ore 33 

Fuel  to  charge 2:)i 
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SMELTER  C. 

Smelting  charges  made  in  August,  1880. 
No.  1. 


Ore,  30C  pounds. 

Flux,  157  p..  mill*. 

Fuel,  100  pounds. 

Ore-bed                       123 

'in 

Charcoal     50 

Rock  Mine  ore  123 

Coke  50 

Evening  Star  ore  .  .     19 
Dnnkin  Mine  ore..    41 

Old  slags  .  

CO 

Charge  (ore  ami  flux),  4G3  pounds.    Smelting  charge  (ore,  flux,  ami  fuel),  563  pounds. 

No.  2. 


Ore,  315  pounds. 

Flux,  148  pounds. 

Fuel,  100  pounds. 

100 
100 
44 

71 

84 
4 
60 

Charcoal                       50 

Rock  Mine  ore  — 
Evening  Star  ore  .  . 
Rock  Mine  or.   

Cokeaud  screenings.  50 

Old  slags    

Charge,  463  pounds.    Smelting  charge,  563  pounds. 
No.  3. 


Ore,  332  pounds. 

Flux,  127  pounds. 

Fuel,  93  pimi.iN. 

Oie-bedXo.  1  106 
Ore-bid  Xo.  2  53 
Dunkin  Mine  ore  ..     40 
Rock  Mine  ore  131 

Dolomite                       64 

Charcoal^                      50 

Cokennd  screenings.  45 

Old  flags                     CO 

Charge,  459  pounds.    Smelting  charge,  554  pounds. 

At  Smelter  C  the  above  charges  are  smelting  charges  according  to  our  definition, 
but  they  are  called  semi-charges.  The  slags  are  not  weighed,  but  measured  by  the 
ore-shovel ;  they  are  not  mixed  with  the  ore  and  tlux,  but  with  the  fuel.  Fuel  is  meas- 
ured by  the  fuel-shovel  in  the  proportion  of  two  shovels  of  charcoal  for  one  of  coke. 
One  shovel  of  charcoal  (fuel-shovel)  is  equal  to  seven  pounds,  and  one  shovel  of  coke 
(fuel-shovel)  to  14  pounds.  One  shovel  of  slags  (ore-shovel)  weighs  .about  15  pounds. 

In  smelting  charges  Nos.  1,  2,  and  3,  the  average  proportions  are — 


Flux  to  ore 

Fuel  to  ore  .... 
Fuel  to  charge 


45J 

31 

21* 


At  Smelter  C  the  smelting  charges  are  model  ones,  like  everything  else  connected 
with  this  smelter.  The  slags  obtained  from  the  above  smelting  charges  have  the  com- 
position of  singulo-silicates.  They  are  very  fluid  at  a  relatively  low  temperature,  and 
carry  less  lead  and  silver  than  any  others  in  the  camp;  and  the  average  charge  repre- 
senting the  work  done  during  a  whole  year  will  show  with  what  regularity  work  is 
carried  on  at  this  smelter. 
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The  average  charge,  deduced  from  data  given  in  Table  IV,  is  as  follows: 


Ore,  310  poumls. 


Flux,  157.6  pouuds. 


Fuel,  105.9  pounds. 


Oies 310     Dolomite 69.53     Charcoal 59.10 

Hematite 29.57     Coke 46.80 

Old  slags 58.50  I 

Charge  (ore  and  flux),  467.6  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  573.5  pounds. 

In  the  average  charge  the  proportions  are  — 

Flux  to  ore  50f 

Fuel  to  ore 34^ 

Fuel  to  charge 22? 

Being  iu  possession  of  data  obtained  at  Smelter  C  for  the  mouth  of  July,  1880, 
these  data  will  be  discussed,  for  iu  the  opinion  of  the  writer  everything  connected 
with  Smelter  C  is  worth  recording. 

Tons. 

Ore  smelted  in  July,  1880 1,500 

Dolomite  smelted  in  July,  18t;0 525 

Hematite  smelted  in  July,  1860 85 

Bullion  produced  in  July,  1?80 435$ 

The  bullion  produced  iu  twenty-four  hours  is  equal  to  14  tons,  assaying  130  ounces 
of  silver  to  the  ton. 

The  average  charge  for  the  month  of  July,  1880,  is  as  follows: 

i  F  i 

Ore,  310  pounds.  Flux,  144  pouuds.  Fuel,  105  pouuds. 

Ores 310     Dolomite 67     Fuel 105 

Hematite 17 

Oldslags    ...  60 

Cliiirp-  (ore  ncd  flux).  454  pouuds.     Smelting  charge  (ore,  flnx,  and  fuel),  559  pounds. 

In  the  preceding  charge  the  average  proportions  are  — 

Flux  to  ore 4&J 

Fuel  to  ore 34 

Fuel  to  charge 23 

Production  of  bullion  per  charge,  90  pounds. 

As  has  previously  been  stated,  the  mixture  of  ore,  dolomite,  and  hematite,  weigh- 
ing about  eight  hundred  pounds,  is  called  the  charge.  It  is  made  to  contain  about 
20  per  cent,  of  lead,  of  which  about  88  per  cent,  is  extracted  in  the  state  of  bullion. 
Consequently  each  charge  will  contain  160  to  1G1  pounds  of  lead,  of  which  141  to  141.5 
pounds  are  extracted  in  the  state  of  bullion.  This  quantity  of  bullion  requires  200 
pounds  of  fuel  for  its  extraction,  showing  that  one  part  of  bullion  requires  about  one 
and  one-half  parts  of  fuel  for  its  reduction. 

As  the  quantity  of  material  to  be  smelted  in  each  charge  weijihs  about  920  pounds, 
from  which  141  pounds  are  extracted  in  the  state  of  bullion,  the  remaining  779  pounds 
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constitute  the  slag,  containing  about  '2  per  cent,  of  lead,  or  15  pounds,  and  the  loss  in 
fumes  is  equal  to  about  four  pounds  of  lead  per  charge.  Each  charge  gives  about  5.07 
parts  of  slag  for  one  part  of  bullion.  The  furnaces  run  about  two  hundred  charges  in 
24  hours,  yielding:  Bullion,  16  tons;  slag,  80  tons;  and  consuming:  Rich  ores,  63£ 
tons ;  fuel,  20  tons ;  charges,  143  tons. 

SMELTER  D. 
Smelting  charges  made  in  August,  1880. 


Ore,  700  pounds. 


Flax,  .130  pounds. 


Fuel,  160  pounds. 


Orebeds 500  ;  Dolomite 80     Charcoal 95 

Various  ores 200     Hematite 170     Coke 65 

'  Old  Blag* 80 

Charge  (ore  and  flux),  1,030  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  1.190  pounds. 

In  the  preceding  smelting  charges  the  proportions  are — 

Flux  to  ore 47 

Fuel  to  ore 22J 

Fuel  to  charge l&J 

The  composition  of  this  smelting  charge  is  a  normal  one.  The  composition  of 
the  average  smelting  charge,  calculated  from  the  data  given  in  Table  IV,  is  the  fol- 
lowing: 

i  i 

Ore,  7CO  pounds.  Flax,  170.3  pounds.  Fuel,  133.4  pounds. 

Various  ores 700     Dolomite 41.65     Charcoal 89.6 

|  Hematite 48.65  !  Coks 43.8 

!  Old  ("lags - 

Charge  (ore  and  flux),  870.3  pounds.    Smelting  charge  (ore,  flax,  and  fuel).  1,003.7  pounds. 

In  the  average  smelting  charge  the  proportions  are — 

Flnxtoore 24$ 

Fuel  to  ore 19 

Fuel  to  charge l"t 

The  percentage  of  fuel  is  the  smallest  which  has  been  yet  observed,  and  this  last 
smelting  charge  would  prove  the  most  perfect  if  it  were  not  for  the  important  ele- 
ment, time,  which  has  been  purposely  neglected.  The  question  will  be  discussed  after 
exhausting  the  composition  of  smelting  charges  of  the  various  smelters,  and  it  will 
be  seen  whether  it  is  advisable  to  aim  at  the  lowest  percentage  of  fuel  in  smelting 

charges. 

SMKLTER  E. 

Smelting  charges  made  in  Aagnst,  1880. 


Ore,  300  pounds. 


Flux,  80  pounds. 


Fnel.  73  pounds. 


Ore-Bed 200     Dolomite 15  "  Charcoal 36.5 

Variousores 100     Hnmatite   15     Coke 36.5 

Old  slags 50 


Charge  (ore  and  flux).  380  pounds.    Smelting  charge  (ore,  flux  and  fuel),  453  pounds. 


SMELTING  CHARGES  AT  INDIVIDUAL  SMELTERS. 
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In  the  preceding  smelting  charge  the  proportions  are — 

Flux  to  ore 2Gf 

Fuel  to  ore 24  J 

Fuel  to  charge 19£ 

Average  charge  deduce!  from  rlata  gii-oi  in  Table  IV. 
Ore,  300  pounds.  Flux,  80.6  pounds.  Fuel,  74. 9  pounds. 

Various  ores 300     Dolomite 15.69     Charcoal 49.9 

n.matite 20.91     Coke 25 

Old  slags 50 

l I 

Charge  ("re  and  flux),  386.6  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  461.5  pounds. 

In  the  average  smelting  charge  the  proportions  are  — 

Flux  to  ore 29 

Fuel  to  ore 25 

Fuel  to  <liarge 19£ 

The  general  rule  observed  at  this  smelter  is  the  following:  The  ore  is  made  to 
contain  30  per  cent,  of  gangne,  30  per  cent,  of  iron,  and  20  per  cent,  of  lead,  and  the 
charges  are  smelted  with  20  per  cent,  of  fuel. 

SMF.LTER  F. 
Snultiiig  charges  made  in  August,  1880. 

Ore,  500  pounds.  Flnx,  280  pounds.  Fuel,  150  pounds. 

Ore-bed    (very  sill-  Dolomite 110     Charcoal  130 

ceous) 500     Hematite 120     Coke 20 

Oldslnga 50 

Charge  (ore  and  flux),  7SO  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  930  pounds. 

In  the  above  smelting  charge  the  proportions  are  — 

Flux  to  ore 56 

Fuel  to  ore 30 

Fuel  to  charge 19J 

Average  cliarflf  calculated  from  data  given  in  Table  IV. 
Ore,  500  pounds.  Flux,  2  J3.4  pounds.  Fuel,  2S8.8  pounds. 

Variousores 500     Dolomite 83.2     Fuel 238.8 

Hematite 100.2 

Old  slags 50 

Charge  (ore  and  flux),  733.4  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  972.2  ponnds. 

In  the  average  charge  the  proportions  are  — 

Flux  to  ore 46J 

Fuel  to  ore 47| 

Fuel  to  charge 32^ 
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SMKLTER  G. 
Smelling  charges  made  in  August,  1830. 


Ore,  615  pounds. 


Flux,  142  pounds. 


Fuel,  140  pounds. 


IronMineore 83     Dolomite fl2     Clinrcoal.. 

EobertE.  Leoore..  123     Old  slags 80     Coke 00 

Morning  Star  ore  ..  185 

Robert  E.  Lee  ore . .  77 

Evening  Stir  ore  ..  175 

Charge  (ore  and  flux),  787  pounds.     Smelting  charge  (ore,  flux,  and  fuel),  027  pounds. 

In  the  preceding:  charge  the  proportions  are  — 

Flux  to  oro 22 

Fuel  to  ore 21f 

Fnel  tocuarjje l~i 

Average  cliarge  deduced  from  data  g'n-en  in  Table  IP. 
Ore,  600  pound*.  Flux,  203  pound*.  Fuel,  153  pounds. 

Variousorcs 000     Dolomite 58.1     Charcoal    92 

Hematite 08. 9     Coke 61 

Old  slags 73 

Charge  (ore  and  flux),  803  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  956  pounds. 

In  the  average  cbarge  the  proportions  are — 

Flux  to  ore 33$ 

Fuel  to  ore 25i 

Fnel  cbarge 19 

At  this  smelter  the  fuel  is  measured  by  the  shovel. 

SMELTKI:  H. 

Smelling  charges  made  in  Aiiguit,  1880. 
No.  1. 

Ore,  530  pounds.  Flux,  175  pounds.  Fuel.  130  pounds. 

Ore-bed SCO     Dolomite 55     Charcoal 110 

Adelaide  ore 30     Old  slags  120     Coke  20 

Charge  (ore  and  flux),  705  pounds.     Smelting  charge  (ore,  flux,  and  fuel).  635  pounds 

No.  2. 

Ore,  5.V)  pounds.  Flux,  155  pounds.  Fuel,  130  pounds 

Ore-l>ed 500     Dolomite 35     Charcoal  110 

Adelaide  ore 50     Old  slags 120     Coke 20 


Charge,  705  pounds.     Smelting  charge,  835  pounds. 
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Ore,  480  pounds. 

Flux,  100  pounds. 

Fuel,  120  pounds. 

Ore-bed                      480 

Dolomite                     CO 

Old  slags  100 

Coke  20 

; 

Charge,  640  pounds.    Smelting  charge,  760  pounds. 
No.  4. 


Ore,  500  pounds. 

Flax,  135  pounds. 

Fuel,  120  pounds. 

Ore-bed  450 

Charcoal                    100 

Adelaide  oro  50 

Old  sla<*8    100 

Coke         .                   20 

Charge,  635  pounds.    Smelting  charge,  755  pounds. 

Iii  the  preceding  smelting  charges  the  proportions  are  — 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

33 

981 

33  it 

27 

Fuel  to  ore  

244 

23f 

25 

24 

Fuel  to  charge  

18| 

18? 

Ifj 

19 

Data  relative  to  the  consumption  of  ore,  fluxes,  and  fuel  not  being  obtainable  at 
this  smelter,  one  of  the  most  important  in  the  camp,  the  construction  of  an  average 
smelting  charge  is  impossible ;  but  the  general  rule  observed  a.t  the  works  in  the  com- 
position of  the  smelting  charges  is  the  following:  The  ore-beds  are  made  to  contain 
equal  parts  of  gangue  and  metallic  iron,  20  to  25  per  cent,  of  each,  and  from  1C  to  25 
per  cent,  of  lead,  about  six  pounds  of  lead  for  one  ounce  of  silver.  When  the  propor- 
tion of  gangue  and  iron  is  equal  iu  the  ore-bed,  the  ore  is  mixed  with  1Q  per  cent,  of 
dolomite;  but  when  gangue  is  iu  excess  hematite  is  added  iu  sufficient  quantity  to 
make  the  balance.  At  this  smelter  the  slags  obtained  are  called  acid  slags.  The  fuel- 
shovels  used  at  this  and  other  smelters  are  drawn  to  scale  in  Figs.  1,  2,  and  3,  and  the 
ore  and  slag  shovels  are  shown  in  Figs.  4  and  5,  Plate  XLR7". 

SMELTER  I. 

Smelting  charges  made  in  August,  1^80. 
[At  this  smelter  the  ore-bed  was  made  with  Morning  Star,  Duukin,  Iron  mine,  and  Apassiz  ore  1 


Ore,  526  pounds.         ;  Flux,  273  pounds. 

Fuel,  147.5  or  137  pounds. 

Ore-bed                       2G3 

Dolomite  .  . 
Hematite  .  . 
Old  slags... 

60 
67 
.    140 

Charcoal  .  . 
Coke 

.  00.5)      (57 

a   l"\tt 

Chrysolite  (sand).     107 

Charge  (oie  and  flux),  799  pounds.    Smelting  charge  (ore,  flux,  and  fuel),  946.5  or  930  pounds. 
MON.   XII 42 
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In  the  preceding  charges  the  proportions  are  — 

Flux  to  ore 53 

Fuel  to  ore 26    and  28 

Fuel  to  charge 17£  and  18J 

Charges  made  at  California  works  in  February,  iSSo Mr.  J.  E.  Hardman  had  the  kind- 
ness to  communicate  the  following  experimental  charges,  which  he  made  at  the  Cali- 
fornia smelting  works  while  superintendent,  chiefly  with  a  view  to  avoid  the  use  of  old 

slags. 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

Xo.  5. 

No.  6. 

500 

400 

250 

425 

450 

500 

150 

45 

40 

50 

50 

65 

55 

78 

Kill 

n 

90 

20 

50 

Old  sla^a  

18 

18 

1<K) 

100 

100 

100 

Coke 

40 

°l 

°4 

48 

3** 

Total  weights: 
Ore   

500 

400 

400 

425 

450 

500 

Flnx 

141 

158 

133 

140 

85 

105 

041 

553 

535 

563 

515 

605 

Fni-1   

140 

l"l 

IM 

124 

138 

142 

Smelting  charges  
Number  of  charges  in  24 

781 
(0 

659 

100 

699 
90 

C73 
G*J 

717 
54 

In  the  preceding  charges  the  proportions  are  — 


Xo.1. 

No.  2.      No.  3. 

No.  4. 

No.  5. 

No.  «. 

2$i 

391          33) 

33 

19 

21 

*'8 

31             SI 

"9J 

301 

28! 

Fuel  toehftrgeB  

21J 

221           23J 

• 

22 

251 

23J 

The  following  table  will  aid  in  the  correct  interpretation  of  these  ligures: 


Tons  per  24  hoars  of—     No.  1. 

No.  3. 

No.  4. 

No.  5. 

No.  0. 

21  2 

19  1 

14  8 

13  5 

28.35 

•>5.4 

!7  65 

16.31 

C  " 

5  58 

4  55 

3  83 

16  5 

18  5 

16  5 

12.0 

linlli'ii)  i'onm  il             .  .           20 

2  5 

3.0 

5.25 

2.  25 

It  results  from  this  table  that  for  each  ton  of  fuel  burned  the  quantity  of  ore 
smelted  is  equal  to:  In  No.  1,  3.5  tons ;  in  No.  3,  3.2 ;  in  No.  4,  3.4 ;  in  No.  5, 3.2 ;  and  in 
No.  0,  3.5  —  showing  that  there  is  no  advantage  in  using  flux  instead  of  old  slag,  and 
that  there  is  a  disadvantage  in  doing  so,  since  fluxes  are  costly  and  are  apt  to  carry 
away  no  inconsiderable  quantities  of  lead  and  silver,  while  old  sla^j  costs  nothing  and 
is  already  saturated  with  lead  and  silver. 
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General  discussion — By  comparing,  in  a  tabulated  form,  the  average  data  obtained 
in  tbe  preceding  discussions  relative  to  eacb  smelter  witb  tbe  relation  between  the 
actual  and  tbe  nominal  capacity,  it  will  be  possible  to  some  extent  to  realize  the  rela- 
tion between  the  composition  of  smelting  charge  and  tbe  time. 


A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

«>  0 

41  3 

50  8 

94  3 

29  0 

40  G 

33  8 

45  3 

33  0 

34  2 

19  0 

25  0 

47  7 

25  5 

24  3 

36.2 

23.3 

22  C 

15  3 

19  3 

32  5 

19  0 

18  6 

Tons  of  ore  per  24  hours  (actual  capacity  )  .  . 

28.0 
35.0 

104.0 
180.0 

51.0 
70.0 

31.5 
40.0 

2i).  0 
50.0 

15.9 
60  0 

69.7 
120  0 

32.9 

100  0 

0.80 

0.57 

0.72 

0.29 

0.46 

0.26 

0  57 

0  32 

NOTE.— The  relations  of  actual  and  nominal  capacity,  as  here  given  by  Mr.  Guyard,  cannot  be  relied  upon,  as 
he  has  ansamed  that  each  smelter  was  running  365  days  during  the  year,  whereas  in  point  of  fact  the  running 
time  must  have  been  much  less  and  must  have  varied  widely  in  the  cases  of  different  smelters,  none  of  which  were 
probably  running  at  their  full  capacity  for  any  great  length  of  time.  (S.  F.  E.) 


SECTION  III. 
PLANT  AND  SMELTING  OPERATIONS 

SMELTING  PLANT  IN  GENERAL. 

Furnaces — All  tbe  furnaces  of  Leadville  are  built  on  tbe  same  general  principles 
and  contain  the  same  essential  parts,  but  they  belong  to  two  distinct  styles:  the  rect- 
angular or  square  and  the  circular  or  round.  The  following  description  is  made  from 
furnaces  of  both  styles  used  at  Smelter  B,  but  a  glance  at  all  the  other  furnaces 
sketched  for  tLis  report,  in  which  the  same  parts  are  designated  by  the  same  letters, 
will  show  that  the  differences  are  only  in  details. 

Square  furnaces  (see  Plate  XXVI). — The  general  appearance  of  these  furnaces 
is  that  represented  in  elevation.  Fig.  1.  The  furnace  is  formed  of  two  independent 
parts:  (1)  The  masonry  0,  supported  on  a  main  cast-iron  plate  support,  0,  resting  on 
cast-iron  pillars,  P.  (2)  The  crucible  A  upon  which  rest  the  water-jackets  B.  The 
space  between  the  water-jackets  and  the  masonry  is  filled  up  with  fire-brick,  b.  This 
arrangement,  as  it  is  easy  to  perceive,  is  most  convenient  for  repairs  of  parts  exposed 
to  injury  or  destruction,  and  cannot  be  too  highly  commended.  It  is  universally 
adopted  in  the  camp.  The  masonry  is  firmly  bound  by  braces  Q,  the  system  adopted 
for  bracing  varying  with  almost  every  furnace.  Immediately  above  the  feeding-floor, 
P',  are  to  be  seen  the  feed-holes,  H,  provided  with  sliding  doors,  S'.  The  smelting  charges 
are  thrown  into  the  furnace  through  these  holes. 

The  different  parts  of  the  masonry  are  the  following  (see  vertical  section,  Fig. 
3):  C  is  the  shaft  of  the  furnace.  The  portion  of  the  shaft  immediately  below  the 
feed-holes  is  called  the  throat.  It  is  seen  also  in  horizontal  section  in  Fig.  4.  D  is  the 
chimney.  J7is  the  stack.  The  stack  can  be  closed  or  opened  by  means  of  the  damper  Q. 
The  stack  is  also  connected  with  the  dust-condensing  chambers  by  means  of  the  sheet- 
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iroii  flue  P.  €'  represents  the  walls  of  the  furnace.  The  wall  plaeedjabove  the  slag- 
gutter  U,  which  is  always  considered  as  the  front  part  of  the  furnace,  is  called  the 
front  wall.  The  opposite  wall,  at  the  rear,  is  the  back  wall;  on  each  side  are  the  side 
walls,  in  which  apertures  are  provided  for  the  feed-holes.  A  wooden  hood,  W,  and 
chimney,  W,  are  placed  in  front  of  the  furnace  and  above  the  slag-gutter  to  cairy  off 
the  fumes  from  slags.  The  crucible  A  is  formed  of  strong  cast-iron  plates,  a,  firmly 
screwed  and  bolted  together,  and  it  is  covered  with  a  cast-iron  plate,  d  (see  Figs.  3 
and  5,  Plate  XXIX).  The  crucible  is  lined  with  fire-brick  or  steep  (brascjue).  In 
front  of  the  crucible  projects  the  fore-hearth  A",  to  which  is  adapted  the  slag-gutter  U. 
Ou  one  side  of  the  crucible  is  placed  the  lead-pot  L,  communicating  with  the  hearth  or 
crucible  A'  (Figs.  1, 2,  and  3,  by  means  of  the  siphon  //.'  This  arrangement  is  called 
the  siphon-tap  or  automatic  tap.  It  constitutes  one  of  the  greatest  improvements 
ever  introduced  in  the  construction  of  blast  furnaces,  for  by  its  means  lead  keeps 
always  at  the  same  level  and  thus  escapes  as  much  as  possible  the  oxidizing  action  of 
the  blast  The  lead  pot  is  always  inclosed  in  a  cast  or  wrought  iron  box  or  frame,  a', 
projecting  outside  of  the  crucible.  The  portion  of  the  hearth  designated  by  A"  (Fig. 
3)  is  the  dam.  X'  is  the  steep  of  which  the  hearth,  fore-hearth,  and  lead-pot  are  made. 

The  water-jackets  B  constitute  also  one  of  the  greatest  improvements  ever  in- 
troduced in  the  construction  of  blast-furnaces.  When  properly  cared  for  they  never 
get  injured;  occasionally  they  may  get  shifted  or  spring  a  leak  between  the  joints,  but 
this  rarely  affects  the  jackets  themselves.  It  is  sufficient  to  state  that  smelting  cam- 
paigns of  thirteen  mouths  are  known  in  the  camp,  to  give  an  idea  of  the  importance  of 
this  arrangement.  The  water-jackets  'B  are  hollow  boxes,  indicated  in  elevation.  Fig. 
l,aud  in  section,  Fig.  3.  They  are  made  of  cast-iron,  wrought-iron,  or  steel  boiler-plates. 
In  the  furnace  now  under  description  they  are  made  of  cast  iron.  In  the  water- 
jackets  water  can  circulate  freely,  so  that  the  temperature  of  this  portion  of  the  furnace 
wall,  where  the  most  intense  heat  reigns  in  the  interior,  never  exceeds  00°  to  70°  C. 
The  water-jacket  arrangement  is  always  sectional,  so  as  to  afford  every  facility  for  the 
removal  of  the  jackets  when  the  furnaces  need  important  repairs.  The  sectional  dis- 
position admits  of  the  expansion  and  contraction  of  this  portion  of  the  furnace  with- 
out altering  the  relative  positions  of  the  parts,  and  on  this  account  must  be  highly 
commended. 

In  the  furnace  under  description  there  are  twelve  jackets:  two  in  front,  called 
the  front  or  breast  jackets ;  two  at  the  back;  and  four  on  each  side.  In  horizontal 
section,  Fig.  2,  the  manner  in  which  they  are  formed  is  shown  very  clearly.  The  jackets 
are  firmly  screwed,  bolted,  and  braced  together.  Each  jacket  is  provided  with  one  or 
more  circular  apertures  for  the  introduction  of  the  nozzles  of  the  tuyeres.  In  Fig.  2 
the  arrangement  and  disposition  of  the  tuyeres  N  is  plainly  seen.  Each  jacket  is 
provided  with  a  cast-iron  feeder,  B,  forming  an  integral  portion  of  the  jacket  and  cast 
with  it,  for  the  introduction  of  water.  The  level  of  this  feeder  is  higher  than  the  upper 
part  of  the  jacket,  so  as  to  till  it  completely  with  water.  Small  pipes,  8,  screwed  to 
the  feeders,  act  as  outlets  for 'the  hot  water,  which  is  carried  away  by  the  water- 
gutter  T.  Gold  water  is  introduced  in  the  feeders  by  means  of  the  taps  Y  supplied 
from  the  main  water-pipe,  M.  In  Leadville  the  tuyeres  are  never  provided  with  any 
special  arrangement  for  cooling  them  by  water,  for  the  reason  that  the  water-jackets 
act  as  perfect  coolers  of  the  tuyeres.  The  tuyeres  are  generally  made  of  thin  gal 
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vanized  sheet-iron,  provided  whh  sliding  valves,  I,  used  to  observe  the  interior  of  the 
furnace,  and  also  as  safety-valves,  for  rhey  are  left  partially  opened.  The  front  jackets 
are  always  provided  with  an  open  space,  V,  varying  in  shape  and  dimensions,  and 
closed  with  a  plug  of  tapping  clay.  This  plug  is  called  the  tymp-stone.  The  tap-hole 
Z  is  perforated  through  the  tymp  stone  for  the  exit  of  molten  slag. 

Circular  furnaces  (Plate  XXVII). — The  circular  furnaces  are  constructed  on  the 
same  principles  as  the  square  ones,  differing  only  in  that  their  masonry  is  always 
hidden  from  view  by  a  wrought-iron  casing  or  jacket,  J',  painted  black.  This  jacket  is 
made  of  riveted  wrought  iron  plates  about  one-fourth  inch  thick.  The  round  furnoces, 
like  the  square  ones,  are  made  of  two  independent  parts ;  the  masonry  supported  on  a 
cast-irou  plate,  0,  resting  on  cast-iron  pillars,  P ;  and  the  crucible  or  hearth  A,  upon 
which  rest  the  circular  water-jackets  J?,  always  made  of  wrought-iron  plates  riveted. 
The  interval  between  the  water-jackets  and  the  masonry  is  also  filled  in  with  fire-brick,  b. 
The  main  c;ist-iron  plate  support  0  is  provided  with  a  circular  vertical  flange,  0',  and  with 
four  projecting  horizontal  flanges,  0",  corresponding  to  the  pillars.  These  horizontal 
flanges  are  supported  by  brackets  r  ;  they  rest  on  the  flanges  (designated  also  by  0") 
of  the  capitals  of  the  pillars,  supported  by  brackets  t.  The  masonry  jacket  </'  (Fig.  3) 
is  incased  by  the  flange  0'  of  the  main  cast-iron  plate  support  0,  and  rests  on  this 
plate,  as  does  the  masonry  C'.  The  wall  C"  is  made  of  fire-bricks.  The  stack  E,  a  con- 
tinuation of  the  jacket  J',  is  not  lined  with  fire-bricks.  A  wooden  hood,  W,  and  chimney, 
W,  are  placed  in  front  of  the  furnace,  above  the  slag-gutters.  The  hexagonal  induction 
blast-pipe  /  supplies  the  branch  pipes  J  and  the  tuyeres  N  with  the  blast.  K  repre- 
sents the  canvas  hose  or  wind-bags  connecting  the  branch  pipes  J  wi  h  the  tuyeres  N. 

The  hearth  or  crucible  A  and  fore-hearth  X  are  made  of  strong  cast-iron  plates, 
firmly  bound  together  and  covered  with  a  cast-iron  plate,  d.  The  lead-pot,  which  pro- 
jects from  the  crucible,  is  framed  in  a  wrought-iron  or  cast-iron  box.  The  fore-hearth  is 
provided  with  two  slag-gutters,  U.  The  hearth  A',  fore-hearth  X',  and  lead-pot  L  are 
made  of  steep.  The  lead  pot  and  crucible  communicate,  as  in  the  case  of  square  fur- 
naces, by  means  of  the  siphon  L'.  The  circular  water-jackets  are  made  of  two  sections, 
firmly  bound  together.  Each  section  is  provided  with  a  water-supply  pipe,./!/,  at  base, 
and  an  outlet,  Jf,  at  top,  to  carry  off  hot  water.  In  these  jackets  no  other  feeders  are 
used. 

Holes  in  the  jackets  allow  the  introduction  of  the  tuyeres.  The  horizontal  section 
(Fig.  2)  through  the  tuyeres  shows  the  disposition  of  the  blast  apparatus  in  the  furnace. 
The  deflecting  elbow  or  sheet-iron  flue  F'  forms  the  connection  between  the  chimney 
D  and  the  dust-condensing  chamber  D'.  The  stack  E  is  provided  with  a  damper,  G. 
The  furnace  has  but  one  feed-hole,  H,  with  its  sliding  door  8. 

Blast  apparatus.  —  The  blast  apparatus  in  general  use  in  Leadville  consists  of  rotary 
positive  blasts,  driven  by  steam  power;  of  galvanized-iron  pipes,  for  the  distribution 
of  the  blast;  and  of  thin  galvanized-iron  tuyeres,  connected  with  the  branches  of  the 
blast-pipes  by  means  of  canvas  hose  or  wind-bags.  The  blower  mostly  adopted  is 
Baker's  rotary  forced-blast  blower,  but  at  one  smelter  Root's  forced-blast  blower  is 
also  in  use.  The  average  pressure  of  the  blast  introduced  in  the  furnaces  is  one  inch 
of  mercury.  The  following  table  gives  the  character,  capacity,  etc.,  of  the  blowers 
used  at  each  smelter: 
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TABLE  \TI.—Jlloicera  in  use. 


At  smelter. 

Number 
in  use. 

Jviml  of  blower. 

Volume  of 
blast  per 
revolution. 

Number 
of  revolu- 
tions ]u-r 
minute. 

Volume  of 
blast  per 
minute. 

Extreme 
limits  of 
pressure  in 
iuclies  of 
mercury. 

A 

2 
6 
2 

1 
2 

n 
1 

2 
1 
1 
1 
1 
3 
1 
2 
2 
1 
1 
1 
1 
2 

Culrir./ett. 
25 
25 
16J 
12 
30 
25 
16J 
30 
25 

in 

30 
45 

IN 

25 
80 
30 
25 
16| 
25 

i«i 

12 
25 

80 
90 
90 
90 

a 

88 

H 

80 
80 
108 
100 
•       85 
129 
85 
100 
M 

80 
80 
85 
80 
90 
M 

Cubic  feet. 
2,000 
2,250 
1,485 
1,080 
2,250 
2,200 
1,  320 
2,400 
2,000 
1,782 
3,000 
3,825 
3,000 
2,125 
3,000 
2,400 
2,000 
1,320 
2,125 
1,  320 
1,080 
2,000 

1  tn  H 

ItoH 

1  tolj 
1  toll 
3  ton 
Itoll 
i 
i 
I  ton 
Itoij 
i  toi} 
itoii 
|UU 
i 
i 
i 
i 
i 
i 
i 
i 
i 

B 

B        

Baker's  No  4J 

B  

Baker's  No  4    

c 

Baker's,  Xo.  5|  

D    

E 

Baker's  Xo  4J 

E     .             .          

F          

Baker's  Xo  5 

G 

Baker's  Xo  4J 

G          

Baker's  Xo  5J 

G  

G  

H 

H        

Baker's  No  5J 

I  

do 

j    ... 

Bilker's  No  5 

K  

Baker's  Xo  I  *                 ' 

L  

Baker's  No  5 

M 

Baker's  No  4| 

X  

O  

Baker's  Xo  5 

The  horse  power  required  to  drive  the  blowers  at  a  given  rate  is  obtained  by  the 
followiug  empirical  formula:  V  being  the  volume  of  blast  in  cubic  feet  to  be  deliv- 
ered in  one  minute;  P,  the  pressure  shown  by  the  manometer  in  the  blast-pipes, 
expressed  in  ounces  per  square  inch  ;  H,  the  horse  power  ;  aud  Ji,  the  power  required  to 
overcome  friction,  varying  with  the  size  of  the  blowers  : 

_FxPx  0.003 


The  power  required  to  run  one  of  the  blowers  is  proportionate  to  the  pressure  of 
the  blast,  volume  delivered,  and  friction;  blowers  of  different  sizes  require  the  same 
power  when  they  deliver  the  same  volume  of  blast. 

Baker's  rotary  forced-blast  blower  —  These  blowers  are  manufactured  by  Messrs. 
WQbrshtta  Brothers,  of  Philadelphia.  They  are  compact  aud  constructed  on  very 
simple  principles.  They  deliver  a  positive  blast,  the  volume  of  which  is  proportionate, 
for  each  size,  to  the  number  of  revolutions.  They  hardly  ever  get  out  of  order  aud 
give  universal  satisfaction  in  Leadville.  (The  sketches  corresponding  to  the  followiug 
description  are  those  of  a  blower  No.  5,  taken  from  the  maker's  catalogue.)  They 
consist  of  a  cast  iron  case,  A  (Figs.  1  and  2,  Plate  XLII),  strongly  ribbed  and  bolted, 
rectangular  in  plan  and  section,  and  of  an  arched  top,  B.  Inside  of  this  works  a  drum, 
D,  carrying  two  tapering  arms,  G  C",  which  sweep  round  so  close  to  the  interior  periphery 
that  no  air  escapes.  There  are,  besides,  in  the  cast-iron  case  A  two  other  drums,  E 
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ami  F,  acting  as  valves;  each  is  provided  with  a  crescent-shaped  abutment  aud  recess, 
which  allow  the  wings  of  the  fan  C  C'  to  pass  it.  The  three  drums  are  connected  by 
suitable  gearing  ou  the  outside  of  the  case,  as  is  shown  in  Fig.  1,  in  such  a  manner 
that  the  revolutions  of  the  drum-valves  draw  air  isochronously  with  those  of  the 
fan-drum.  By  their  combined  operation  air  is  drawn  in  at  one  side  of  the  apparatus  at 
the  ordinary  pressure  and  compressed  at  the  other  to  the  pressure  required,  this  press- 
ure being  in  direct  proportion  to  the  velocity  of  the  drum,  as  indicated  in  Table  VI. 

The  blower  is  placed  on  a  brick  chamber,  M  (Fig.  2),  connected  with  a  sheet-iron 
pipe,  JV,  through  which  air  is  drawn.  This  is  the  best  arrangement,  for  by  its  mean? 
accidents  which  might  result  from  the  introduction  of  dust  are  prevented,  aud  mean- 
while concussion  of  air  is  avoided,  which  renders  the  machine  comparatively  noiseless. 
But  the  sheet-iron  pipe  N  is  often  dispensed  with,  and  air  is  simply  drawn  through 
the  grating  R  R',  placed  in  front  of  the  blower  (Fig.  1).  The  blower  is  connected  at, 
0  with  the  general  system  of  blast  pipes  by  means  of  galvanized  sheet-iron  pipes, 
which  must  be  air-tight.  When  the  apparatus  is  in  full  blast,  a  slight  aud  regular 
pulsation  is  felt  at  two  or  three  small  holes  placed  at  the  rear  of  the  case.  Such  is,  in 
all  its  simplicity,  the  Baker's  rotary  blower,  the  most  perfect  apparatus  of  the  kind 
ever  used  in  smelting. 

The  Root  positive-blast  blower — The  Root  blower,  manufactured  by  Messrs.  P.  H.  & 
F.  M.  Root,  of  Conuersville,  Ind.,  is  shown  in  perspective  (Fig.  3,  Plate  XLII)  and  in 
vertical  section  (F'ig.  4).  These  sketches  are  copied  from  the  maker's  engraving  of  a 
No.  5  blower,  delivering  23J  cubic  feet  of  blast  per  minute  revolution.  It  is  the  Roots' 
new  style  of  blower,  formed  entirely  of  metallic  parts  and  less  delicate  in  the  details 
of  its  construction  than  the  old  style.  This  machine,  like  the  Baker  blower,  is  very 
simple  and  effective,  aud  gives  a  positive  blast  in  nearly  every  part  of  the  case,  pro- 
portionate to  the  number  of  revolutions.  The  external  parts  of  the  Root  blower  con- 
sist of  two  semicircular  cast-iron  cases,  A  and  B,  screwed  and  bolted  to  two  cast-iron 
end  plates,  8  8',  which  serve  also  as  supports  to  the  whole  machine  and  to  the  cast- 
iron  blast-pipe  0  and  air  chamber  M ;  of  five  cast-iron  journals,  J~j  five  phosphor- 
bronze  journal-boxes,  K  ;  two  cut-gears,  protected  by  the  housing,  H,  aud  one  driving 
pulley,  P. 

The  internal-blast  contrivance  consists  of  two  cast-iron  revolvers,  C  C",  mounted 
on  steel  shafts,  II'.  Each  revolver  acts  as  a  fan-drum  and  drum-valve,  with  recess 
aud  abutments,  forming  the  very  simple  and  ingenious  contrivance  seen  in  Fig.  4.  As 
with  the  Baker  blower,  the  blast-pipe  0  is  connected  by  means  of  an  air-tight  gal- 
vanized sheet-iron  pipe  with  the  general  system  of  blast-pipes  distributing  the  blast 
to  the  tuyeres  of  the  furnaces. 

Blast-pipes — A  glance  at  Table  IV  will  show  that  at  each  smelter  the  number  of 
blowers  in  use  corresponds  to  the  number  of  furnaces  at  work,  and  as  a  matter  of 
course  the  capacity  numbers  of  the  blowers  correspond  to  the  smelting  capacity  of 
the  furnaces.  The  furnaces  of  Leadville  being  always  worked  with  several  tuyeres, 
the  blast  is  always  distributed  by  branch  pipes  from  an  induction-pipe  surrounding 
the  furnace.  A  glance  at  any  of  the  descriptive  sketches  of  furnaces  accompanying 
this  report  will  show  this  arrangement,  I  always  representing  the  induction  pipes 
and  t/the  branch  pipes  of  the  same.  When  the  smelting  works  have  only  one  furnace 
the  induction -pipe  is  placed  in  direct  communication  with  each  blower  by  means  of  a 
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branch  pipe,  T,  which  in  this  case  acts  as  a  main.  At  Smelter  I,  working  with  two 
furnaces,  each  furnace  induction  pipe  is  similarly  placed  in  direct  communication  with 
each  blower;  but  the  general  system  adopted  in  the  camp,  at  smelters  working  with 
two  or  more  furnaces,  is  to  connect  all  the  blowers  with  a  main  pipe,  R,  from  which 
the  branch  pipes  T  distribute  the  blast  to  the  induction-pipes  of  each  furnace.  The 
whole  system  of  blast-pipes,  including  the  tuyeres,  but  with  the  exception  of  the  canvas 
wind-bags,  is  made  of  galvanized  sheet  iron. 

Blast-pipe  system — The  most  complete  and  perfect  system  of  blast-pipes,  from 
which  this  description  will  be  made,  is  applied  at  Smelter  C.  At  Smelter  F  the 
arrangement  is  similar  in  every  respect;  at  the  other  smelters  the  arrangement  is  very 
nearly  the  same,  and  if  there  are  slight  modifications  of  the  general  system  there  are 
no  improvements  on  it.  Two  blowers,  A  and  B  (Fig.  1,  Plate  XXXI),  communicate  with 
the  main  pipe,  R',  by  means  of  the  pipes  E,  each  of  which  is  provided  with  dampers 
or  gliding-valves,  F,  regulating  the  draft,  and  with  safety-valves,  8,  regulating  the 
pressure.  The  safety-valves  are  set  to  a  pressure  of  about  nine-eighths  of  an  inch  of 
mercury.  The  draught  is  regulated  in  the  main  pipe,  R',  by  means  of  dampers,  F,  or 
sliding  valves  worked  by  a  lever,  h  h'  (see  Fig.  5,  Plate  XXIX).  A  similar  damper, 
F"  (Fig.  1,  Plate  XXXI),  allows  the  excess  of  blast  to  escape  from  the  main  pipe.  The 
branch  pipes  T',  provided  with  dampers  F,  worked  like  the  preceding,  allow  the 
introduction  of  the  proper  amount  of  blast  required  by  each  furnace ;  each  pipe,  T, 
communicates  at  Z"  with  a  manometer.  The  general  arrangement  of  the  induction- 
pipe  I  and  a  branch  pipe,  J,  is  clearly  shown  in  the  same  figure,  and  a  glance  at  Fig. 
5,  Plate  XXIX,  indicates  the  connection  of  the  branch  pipes  J  with  the  tuyeres  N 
by  means  of  the  canvas  hose  K.  Thus  by  the  preceding  disposition  an  even  pressure 
of  blast  is  secured  in  a  main  pipe,  from  which  the  proper  amount  required  for  each 
furnace  is  taken  at  will.  As  far  as  the  distribution  of  blast  is  concerned,  the  blast- 
pipe  system  just  described  is  absolutely  perfect;  but  it  lacks  an  important  element, 
which  would  render  invaluable  services  in  smelting,  namely,  the  means  of  ascertaining 
the  volume  of  blast  blown  into  each  furnace  during  a  certain  lapse  of  time.  This  could 
easily  be  determined  by  the  use  of  a  meter  similar  to  those  used  for  the  measurement 
of  illuminating  gas  in  cubic  feet.  This  meter  should  be  placed  lietween  the  damper  F 
of  the  branch  pipes  T  and  the  induction-pipes  of  each  furnace.  In  tins  way  atmos- 
pheric air  might  be  considered  as  one  of  the  elements  of  the  smelting  charges,  and  by 
this  means  weighed  or  measured  with  as  much  accuracy  as  the  fuel  itself,  with  whit  h 
it  bears  the  closest  relation.  This  important  point  will  be  insisted  upon  in  the  dis- 
cussion of  the  smelting  reactions. 

SMELTING  OPEEATIONS  IN  GENERAL. 

Drying  of  the  furnace — When  the  furnace  is  new  or  when  an  old  furnace  has  been 
recently  relined,  it  is  first  of  all  carefully  dried  by  means  of  a  slow  charcoal  or  wood 
fire  kept  steadily  burning  and  slowly  increasing  in  temperature  for  several  days,  every 
precaution  being  taken  to  prevent  the  escaping  moisture  from  loosening  the  masonry. 

When  heat  is  perceptible  on  the  outside  of  the  walls  of  the  furnace  the  drying  is 
completed.  The  fire  is  allowed  to  burn  out  and  the  furnace  left  to  cool.  This  done, 
the  crucible  is  immediately  lined  either  with  steep  in  every  part  or  with  tamping  in 
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some  parts  only,  viz,  tbe  dam,  siphon,  and  siphon-tap.    Steep  or  brasque  is  a  mixture  of 
one  part  fire-clay  and  one  part  coke-dust,  but  more  generally  two  parts  fire-clay  and' 
one  part  coke-dust.    Tamping  is  a  simple  lining  of  fire-clay.     It  is  only  used  for  certain 
parts  of  crucibles  entirely  lined  with  fire-bricks. 

Blowing-in  or  starting  of  the  furnace — The  furnace,  being  ready  for  work,  is  filled  np 
from  the  hearth  to  the  throat  with  charcoal,  which  is  set  on  fire  at  the  hearth  zone. 
The  tuyere-holes  of  the  water  jackets  are 'left  open,  as  well  as  the  tymp-stone  and 
the  damper  of  the  stack,  in  order  to  create  a  draft.  The  charcoal  gradually  becomes 
incandescent  to  the  very  throat,  and  when  this  zone  has  attained  a  low  red  heat  the 
blowiug-in  begins.  The  tuyere  holes  of  the  water-jackets,  witlrthe  exception  of  from 
two  to  four  of  the  holes  nearest  to  the  front,  and  in  which  the  respective  tuyeres  are 
inserted  (the  number  of  tuyeres  set  in  depending  on  the  capacity  of  the  furnace),  are 
sealed  with  pings  of  fire-clay  and  the  wind-bags  of  the  corresponding  tuyeres  are 
tied  np  with  strings.  The  tymp-stone  is  set  in  and  the  blast  is  then  turned  on  at  full 
pressure.  A  long  flame  issues  from  the  siphon-tap,  and  this  is  kept  on  steadily  until 
the  lead-pot  becomes  red  hot.  The  clay  stoppers  of  the  tuyere-holes  in  the  water- 
jackets  are  then  removed  and  all  the  tuyeres  let  in.  The  blast  at  this  point  is  regu- 
lated to  the  normal  pressure,  and  the  furnace  is  ready  for  the  filling  of  the  crucible. 

Filling  of  the  crucible — Bars  of  bullion  always  kept  in  reserve  for  this  purpose,  and 
in  amount  from  four  to  twelve  tons,  according  to  the  capacity  of  the  crucible,  are  thrown 
in  at  the  feed-holes  with  more  fuel.  This  is  done  gradually  in  the  proportion  of  three 
bars  of  bullion,  or  300  pounds,  to  eight  shovels  of  charcoal,  or  about  14  per  cent, 
of  fuel.  According  to  the  capacity  of  the  furnaces,  from  one  hundred  to  two  hundred 
and  fifty  bushels  of  charcoal  are  consumed  in  the  preliminary  operation  constituting 
the  blowiug-in.  When  molten  lead  makes  its  appearance  at  the  top  of  the  siphon-tap 
a  few  pieces  of  live  charcoal  are  placed  upon  it  to  prevent  it  from  cooling,  and  the  fur- 
nace is  ready  for  charging. 

Charging  of  the  furnace — Old  slags  are  first  of  all  thrown  in  the  furnace,  as  a  kind  of 
test  of  the  temperature  of  the  furnace,  which  is  not  ready  so  long  as  the  slags  are  not 
perfectly  fluid.  The  head  smelter  or  his  assistant  opens  from  time  to  time  the  tap-hole 
in  the  tymp-stone  to  ascertain  their  degree  of  fluidity,  and  the  regular  charging  begins 
only  when  they  run  quite  freely.  This  point  being  attained  the  charges  are  disposed 
inside  of  the  furnace  next  to  the  walls,  a  depression  being  left  in  the  center  for  the 
charging  of  the  fuel.  This  mode  of  charging  is  the  one  generally  adopted,  but  there 
are  variations  in  the  mode  of  mixing  the  materials  forming  the  smelting  charges.  At 
some  smelters  fuel  is  first  thrown  in,  then  old  slags,  over  the  .-lags  the  fluxes,  and  above 
the  fluxes  the  ore.  At  others  fuel  is  mixed  with  old  slags  and  fluxes  are  mixed  with 
the  ore.  Lastly,  and  this  is  the  mode  of  proceeding  mostly  adopted,  the  slags,  fluxes, 
and  ore  are  mixed  together  and  the  fuel  is  kept  separate.  At  the  most  successful 
smelters  the  mixing  of  fuel  and  old  slags,  on  the  one  hand,  and  of  the  fluxes  and  ore, 
on  the  other,  is  prevalent.  Whatever  mode  of  mixing  the  materials  of  the  smelting 
charges  is  used,  the  manner  in  which  they  are  distributed  in  the  furnace  is  the  same; 
that  is,  fuel  is  always  thrown  in  the  center  of  the  furnace  and  the  charge  distributed 
on  the  sides  next  to  the  walls.  This  seems  scarcely  a  good  plan,  as  it  favors  the  growth 
of  accretions  in  the  lower  part  of  the  shaft  of  the  furnace  immediately  above  the  water- 
jackets,  in  the  very  place  where  their  removal  offers  the  greatest  difficulties.  It  would 
seem  that,  if  in  each  alternate  charge  the  process  was  reversed  and  the  fuel  alternately 
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distributed  iu  tho  center  and  on  the  sides  of  tho  furuace,  the  lower  part  ol  the  shaft 
would  reach  a  higher  temperature  and  prevent  the  formation  of  these  accretions,  which 
constitute  the  only  real  difficulty  with  which  the  smelters  have  to  contend.  The  analyses 
which  have  been  made  of  these  products  (see  Section  IV)  show  that  they  are  formed 
of  sublimated  substances  volatilized  iu  the  zones  of  higher  temperature  and  deposited 
in  the  first  cool  zones  which  they  encounter  as  they  ascend  iu  the  form  of  vapor.  Should 
the  modification  iu  the  mode  of  charging  which  has  beeu  proposed  prove  practical, 
accretions  would  still  be  formed,  but  iu  the  higher  zones  of  the  shaft,  from  which  they 
could  be  detached  ofteuer  and  with  much  more  facility.  Iu  any  case,  they  would  inter- 
fere much  less  with  the  working  of  the  furuace,  which  depends  a  great  deal  ou  the  regu- 
larity with  which  the  charges  descend  the  shaft,  and  the  dreaded  hanging  (i.  e.,  the  fall 
of  the  fuel  to  the  tuyere-holes  and  suspension  of  the  charge  ou  the  sides)  would  be  iu 
great  part  avoided. 

Barring-out  or  barring-down  of  the  furnace As  it  is,  OUCC  per  shift  Or  OHCC  ill  24  hours, 

as  the  case  may  be,  or  even  ouce  in  two  or  three  days,  the  furnace  is  barred  out  or 
down,  i.  e.,  the  accretions  are  forcibly  detached  from  the  walls  of  the  shaft  by  means 
of  bars  and  sledges.  The  charges  are  allowed  to  descend  to  the  level  of  the  accretions, 
the  blast  is  turned  off,  and  long  chisel  pointed  bars  a  little  shorter  than  the  height  of 
the  shaft  are  introduced  from  the  feed-holes  between  the  accretions  and  the  walls  by 
means  of  the  sledge,  and  the  accretions  thus  removed  are  left  in  the  charge,  by  which 
they  are  fluxed  down.  When  this  operation  is  over  the  blast  is  turned  ou  agaiu,  the 
charging  of  the  furnace  continues,  and  smelting  is  resumed.  (The  chisel  pointed  bars 
used  in  barring  dowu  the  furnace  are  represented  i:i  Fig.  7,  Plate  XLIV.) 

Smelting  of  flue  and  chamber  dusts — Flue  and  chamber  dusts  are  mixed  iu  general  with 
lime,  and  the  mixture,  either  molded  iuto  bricks  or  not,  is  spread  over  the  ore-beds,  so 
that  a  little  tine-dust  enters  into  the  composition  of  the  smelting  charges.  This  is  evi- 
dently the  best  way  of  disposing  of  this  rather  troublesome  product,  and  in  the  discus- 
sion of  chamber-dust  it  will  be  shown  that  the  admixture  of  lime  is  the  best  plan  that 
call  be  devised  for  its  treatment. 

Running  with  dark  top — In  Leadville,  furnaces  are  always  made  to  run  with  a  dark 
top,  and  this  is  one  of  the  best  indications  that  the  furnace  is  running  properly.  By 
this  is  meant  that  the  zone  of  the  throat  is  perfectly  dark;  that  noflaine  issues  from  it; 
that  the  top  part  of  the  charge  s'uows  no  signs  of  incandescence;  and  that  all  that  is 
seen  is  a  thick,  black  smoke  ascending  the  chimney. 

Tapping  of  slag — AS  soon  as  the  furnace  begins  to  work  with  regularity  it  becomes 
necessary  to  draw  out  periodically  the  molten  slag  from  the  furnace.  This  is  done  ou 
an  average  every  fifteen  or  twenty  minutes.  To  effect  this,  slag-pots,  mounted  on  wheels 
and  made  entirely  of  cast  iron  (see  Plates  XXIII  and  XXXVII  for  the  two  styles  of 
slag-pots  used  iu  Leadville),  are  brought  close  to  the  fore-hearth  of  the  furmu-e  and 
placed  under  the  slag-gutter.  A  tap-hole  is  perforated  at  the  middle  of  the  base  of 
the  tymp-stoue  by  means  of  a  pointed  steel  bar  about  an  inch  thick,  which  is  forced 
iuto  the  clay  by  gentle  strokes  of  a  light  hammer.  This  operation  is  generally  per- 
ibrmed  by  the  head  smelter's  assistant.  The  slag  runs  over  the  steep  or  clay  with 
which  the  fore-hearth  is  covered,  then  along  the  slag-gutter,  and  thence  into  the  slag- 
pot.  As  soon  as  the  slag-pot  tills,  the.  head-smelter  dexterously  plugs  the  tap-hole  with 
a  small  lump  of  soft  tappiug-clay  stuck  to  the  end  of  the  peculiar  iron  rod  shown  in 
Fig.  G,  Plate  XLIV.  and  called  the  tapping-rod.  Dining  this  operation  showers  of 
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rod-hot  slag  sparks  fly  iu  every  direction  around  the  tap-bole.  The  tapping-pots  or 
slag-pots  are  then  wheeled  away  by  the  slag-wheelers  to  the  slag  heap.  The  slag  is 
either  allowed  to  cool  completely  in  the  pot  and  the  cake  of  slag  thus  formed  is 
extracted  bodily  and  broken  up  into  fragments,  or  else  the  pot  filled  with  molten  slag 
is  tipped  over  the  edge  of  the  slag-heap,  where  the  slag  runs  dowu  like  lava. 

Taking  specimens  of  slag  for  assay — Two  or  three  times  a  day  a  specimen  of  slag  is 
taken  direct  from  the  stream  flowing  from  the  furnace  by  means  of  a  very  small  iron 
ladle  provided  with  a  long  handle.  The  specimens  thus  obtained  are  forwarded  to  the 
assay  office,  where  their  specific  gravity  aud  their  contents  in  lead  and  silver  are  deter- 
mined. After  every  tapping  some  slag  sticks  to  the  fore-hearth  aud  slag-gutter,  from 
which,  it  is  easily  detached  by  sprinkling  a  little  cold  water  over  it  aud  knocking  it  off 
with  an  iron  bar. 

Matte  and  speiss — iu  Leadville  the  little  speiss  and  irou-aud-lead  matte  formed  dur- 
ing smelting  are  run  into  the  slag-pots.  At  some  works  speiss,  matte,  and  slag  are 
thrown  pell-mell  over  the  slag-heap;  at  others  the  cakes  of  speiss  or  matte  which  have 
settled  at  the  bottom  of  the  slag-pot  are  knocked  off  the  slag  with  the  hammer.  Speiss 
is  kept  iu  a  separate  heap,  but  no  treatment  has  been  found  for  it.  The  matte,  sepa- 
rated from  speiss  and  slag,  is  roasted  iu  heaps  and  resmelted  afterwards  with  the  ore. 
In  the  study  on  mattes  it  will  be  seeu  that  this  roasting  iu  heap  appears  to  be  a  very 
bad  operation. 

Ladling-out  of  melted  bullion — From  time  to  time  bulliou  is  ladled  out  of  the  lead-pot 
or  siphon-tap  by  means  of  wrought-irou  ladles,  and  poured  into  cast-iron  molds  placed 
iu  a  row  alongside  the  furnace  on  the  lead-pot  side.  The  molds  bear  in  relief- letters 
the  name  of  the  smelting  firm,  so  that  each  bar  of  bullion  is  branded  with  it.  When 
cold  the  bars  are  taken  out  on  the  slag-heap,  or  under  a  shed  near  the  engine-rooms, 
aud  then  weighed,  marked,  and  two  small  pieces — one  from  top  and  one  from  bottom — 
are  detached  by  means  of  hammer  aud  chisel  aud  carefully  kept  for  assay.  When  a 
car-load  has  been  thus  weighed  the  assay  bits,  all  mixed  up  together  iu  a  tin  can  or 
copper  pan,  are  forwarded  to  the  assay  office. 

Watching  the  furnace — Every  part  of  the  furnace  requires  constant  watching  in 
order  to  apply  at  a  moment's  notice  the  proper  remedy  for  any  accident  that  may  happen. 
The  siphon-tap  requires  some  attention  and  its  siphon  must  be  kept  constantly  clear ; 
this  is  effected  by  the  iutroductiou,  from  time  to  time,  of  a  curved  iron  bar  about  two 
inches  thick,  previously  heated  to  redness  at  the  curved  end.  This  bar  is  represented 
iu  Fig.  8,  Plate  XLIV.  The  water-jackets  form  perhaps  the  least  troublesome  part  of 
the  furuace,  aud  yet  it  is  necessary  to  insure  the  ruuuiug  of  the  water  into  them  at 
such  a  rate  that  the  temperature  of  the  water  issuing  from  them  should  be  as  nearly 
as  possible  50°  to  CO0  (3. 

The  pressure  at  the  induction-pipe  manometer  must  be  constantly  watched  and 
the  pressure  kept  steady  or  modified  according  to  momentary  requirements. 

The  tuyeres  must  be  kept  perfectly  clear  from  any  chilled  slag  by  the  introduction 
of  iron  bars  into  the  sliding  valve,  and  the  temperature  aud  condition  of  the  zone  of 
fusion  observed  through  the  tuyeres.  When  black  rings  round  the  tuyeres  indicate 
a  beginning  of  chilling,  a  little  more  fuel  is  added,  or  the  charge  is  somewhat  diminished, 
the  fuel  remaining  the  same.  If  the  temperature  proves  too  high,  fuel  is  diminished  or 
the  charge  is  slightly  increased.  If  semi-fluid  slags  or  raw  ore  form  hearth  accretions 
which  do  not  disappear  by  an  increase  of  the  temperature,  the  blast  must  be  shut  off, 
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the  tyrnp  stone  removed,  and  the  hearth  cleared  from  accretions  by  means  of  bars  and 
sledges;  a  little  fuel  is  then  thrown  in  the  hearth,  the  tymp-stone  replaced,  the  blast 
turned  on,  and  smelting  resumed. 

Blowing  out  of  the  furnace — When  a  furnace  needs  repairing  or  when  an  accident 
interfering  with  a  regular  working  of  the  furnace  has  occurred,  the  feeding  is  entirely 
suspended,  but  the  blast  is  kept  on  until  the  contents  of  the  furnace  are  entirely  molten. 
The  charge  soon  burns  with  a  bright  top  and  the  furnace  emits  torrents  of  heavy  white 
fumes.  When  the  whole  charge  has  reached  the  level  of  the  tuyeres  the  furnace  is 
emptied  of  its  fluid  contents,  first  at  the  tap-hole,  then  the  breast  is  removed  and  the 
bullion  taken  out  of  the  crucible. 

Length  of  runs — The  length  of  runs  or  smelting  campaigns  is  seldom  less  than 
three  months,  but  often  reaches  .six,  eight,  and  even  twelve  and  thirteen  months.  The 
lack  of  ore  is  one  of  the  principal  causes  that  shorten  the  smelting  campaigns. 

COST   AND   PROFITS   OF   SMELTING. 

The  discussion  of  profit  and  loss  in  smelting  will  be  made  for  a  smelter  which 
stands  in  intermediate  conditions  between  the  smelters  which  produce  most  and  those 
which  produce  least.  This  smelter  works  with  two  furnaces  of  a  capacity  of  35  to  40 
tons  each  of  ore  per  twenty-four  hours.  The  discussion  is  based  on  data  obtained  at  this 
smelter  for  the  month  of  July,  1880,  and  which  are  to  be  found  with  the  composition  of 
smelting  charges,  the  other  data  being  all  derived  from  Table  IV.  The  cost  of  smelting 
per  ton  of  ore,  as  estimated  at  each  smelter,  has  been  given  also  in  the  same  table. 
The  calculations  are  made  on  cost  and  profit  per  twenty-four  hours  and  per  ton  of  ore. 

EXPENSES  PER  TWKXTY-FOUR  HOURS. 
Power. 

Cost  of  mechanical  power  per  24  hoars,  represented  by  3J  cords  of  pine  wood  burned  under 

the  boilers  and  driving  engines,  blowers,  pumps,  &c.,  at  §4.75  per  cord $15  44 

Labor. 
Cost  of  manual  labor  per  24  hours : 

2  foremen,  at  $4  and  $6 $10  00 

8  head  smelters,  at  $4 38  00 

26  helpers,  at  S3 78  00 

05  laborers,  at  $2.50 162  f>0 

232  50 

Aggregate  salary  of  st.iff  per  24  hours 46  50 

Ore. 
^ 

Forty-eight  tons  ore  smelted  in  24  hours,  contents  34  per  cent,  of  lead,  41.5  ounces 
of  silver  to  the  ton,  equivalent  to  1,992  ounces,  at  $1.15  per  ounce  (New  York 

quotations  June  21, 1880) 2,290  80 

32,640  pounds  of  lead,  equal  to  1,632  units,  at  15  cents  per  unit  of  20  pounds 244  80 


2,535  60 

Deducting  5  percent,  off  price  of  silver $114  54 

Deducting  cost  of  treatment  at  $20  per  ton 960  00 

1,074  54 

1,461  06 


COST  AND  PEOFITS  OF  SMELTING.  .  ,  669 

Flux. 

Price  paid  for  fluxes  used  in  24  hours : 

17  tons  of  dolomite,  at  $3.50  per  ton $59  50 

2$  tons  of  hematite,  at  $9.50 26  12 

$85  62 

Fuel. 
Price  paid  for  fuel  used  in  24  hours  : 

9J  tons  of  charcoal,  at  $18.57  per  ton 171  77 

7  tons  of  coke,  at  $37.50  per  ton 262  50 

434  27 


General  expenses 2,325  3!) 

Wear  and  tear  and  repairs  of  implements,  say  5  per  cect.  of  general  expenses 11G  27 


Total  expenses 2,441  66 

PROFITS  PER  TWENTY-FOUR   HOURS. 

Bullion  obtained  in  24  hours:  14  tons,  assaying  136  ounces  of  silver  to  the  ton, 
equivalent  to  28,000  pounds,  containing  1,904  ounces  of  silver,  or  130.56 
pounds  (avoirdupois)  of  silver  (New  York  quo;ations  July  31,  1880): 

27,869.44  pounds  of  lead,  at  44  cents  per  pound 1,254  12 

1,904  ounces  of  silver,  at  $1.14J  per  ounce 2,175  32 

3,429  44 

Deducting  refiner's  charges,  at  $14.50  per  ton  of  bullion 203  00 

Deducting  total  expenses 2, 441  66 

2,644  66 


Net  profits  per  24  hours 784  78 


Total  expenses  per  ton  of  ore 50  86 

Cost  of  smelting  per  ton  of  ore 20  41 

Profits  per  ton  of  ore 10  35 

From  the  profits  must  be  deducted  a  certain  amount  for  the  siuking  fund  of 
capital  invested  in  plant  and  a  certain  amount  for  the  interest  on  the  working  capital. 

PLANT   AND   OPERATIONS   OF   INDIVIDUAL   SMELTERS. 
SMELTER  A. 

Disposition  of  works  (see  Plate  XXV).  — These  works  are  erected  on  the  northern 
bank  of  California  gulch.  Being  one  of  the  first  smelters  started  in  Leadville,  its 
plant  is  somewhat  antiquated,  but,  such  as  it  is,  it  has  rendered  good  service.  The 
two  furnaces  A  A'  are  the  largest  circular  furnaces  in  the  cauip  and  are  very  clumsy. 
Their  clumsiness  is  made  more  evident  still  when  one  hears  that  in  spite  of  their  large 
dimensions  their  smelting  capacity  js  only  equal  to  that  of  the  smaller  furnaces  at 
present  in  use  at  the  other  smelters  and  wheii  it  is  found,  as  has  been  pointed  out  in 
the  composition  of  smelting  charges,  that  they  consume  twice  as  much  fuel  as  the 
smaller  ones.  On  the  furnace  level  there  is  a  battery  of  three  stamps.  The  weight  of 
each  stamp  and  stem  is  400  pounds.  These  stamps  are  used  chiefly  for  crushing  the  coke 
with  which  the  steep  of  the  furnaces  is  made.  The  furnace  level  communicates  with  the 
feeding-floor  by  means  of  a  flight  of  steps,  and  also  by  means  of  an  elevator,  chiefly 
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used  to  carry  up  barrowfuls  of  old  slag  used  as  flux  in  smelting.  The  boiler,  engine, 
and  blast  room  is  next  to  the  furnace-room,  on  the  right  facing  the  furnaces.  The 
boilers  are  worked  at  a  pressure  of  CO  pounds  per  square  inch.  The  engine  is  of  40 
horse-power  and  the  blast  apparatus  consists  of  two  No.  5  Baker  blowers. 

The  offices,  assay  offices,  and  laboratory  occupy  detached  buildings  on  a  level 
with  the  foot  of  the  slag-heap.  On  the  feeding-floor  is  a  large  wooden  trough  iu 
which  the  roasted  flue-dust  (at  this  smelter  flue-dust  is  roasted  before  resmelting)  is 
mixed  with  about  20  per  cent,  of  milk  of  lime.  The  mixture  is  then  spread  over  the  ore- 
beds  placed  on  this  floor.  The  crushing  machinery,  placed  also  on  this  floor,  consists 
of  two  large  No.  5  Blake  crushers  (opening  between  the  jaws,  15  by  9  inches). 

Immediately  outside  of  the  main  building,  on  the  feeding-floor  level,  are  the  flues 
connecting  the  stack  of  the  furnaces  with  the  dust-chamber;  this  arrangement  is  the 
only  one  of  its  kind  in  Leadville.  The  upper  part  of  the  stacks  E,  E\  (Plate  XXV) 
of  the  furnaces  A,  A',  are  connected  by  means  of  the  sheet-iron  flues  If,  -ET',  with  a 
main  sheet-iron  flue,  F',  which  enters  the  brick-dost  chambers  D' '.  Each  of  the  flues 
H H'  is  provided  with  one,  and  flue  -F''  with  three,  sliding  doors,  placed  on  the  upper 
part  of  the  flues  and  parallel  with  them  (these  doors  are  not  visible  iu  the  sketch), 
and  used  for  clearing  the  dust  which  accumulates  periodically  in  the  flues.  The  flue 
F'  rests  about  half  way  on  a  small  flue-dust  chamber,  JV,  made  of  bricks  and  provided 
with  a  sliding  door,  d,  for  the  extraction  of  the  flue-dust.  Immediately  at  the  rear  of  the 
dust  chamber  D1  are  long  rows  of  ore-bins,  and  immediately  behind  them  is  a  large 
roasting-furnace.  The  level  immediately  above  and  at  rear  of  the  roasting-furuace  is 
the  fuel  level,  which  communicates  with  the  blast-furnaces  by  means  of  an  elevated 
platform,  R',  provided  with  a  track  of  rails.  The  fuel,  charged  in  light  sheet-iron 
mining  barrows,  is  thrown  dowu  next  to  the  feed-holes  along  the  chutes,  8.  This 
arrangement  is  capital  and  saves  much  labor;  two  fuel  men  are  sufficient  to  supply 
all  the  fuel  needed  in  smelting,  but  its  great  inconvenience  is  that  of  filling  the  whole 
feeding-floor  with  an  ever-floating  cloud  of  impalpable  charcoal  dust,  very  disagreable 
toi>reathe  and  which  must  prove  after  a  while  most  injurious  to  the  lungs  of  those 
who  live  constantly  iu  such  an  atmosphere.  When  in  full  blast  these  works  employ 
GO  workmen  per  twenty-four  hours. 

Furnaces — The  two  blast-furnaces  at  Smelter  A  are  circular  and  identical  in 
shape,  dimensions,  and  capacity.  Both  furnaces  are  seen  in  perspective,  Plate  XXV, 
and  one  of  them  is  drawn  to  scale  iu  Plate  XXIII.  They  are  constructed  on  exactly 
the  same  general  principles  as  all  the  other  furnaces  in  the  camp,  but  in  detail  differ 
a  good  deal. 

The  crucible  A  is  very  little  larger  than  the  water-jackets ;  it  is  framed  in  strong 
cast-iron  plates,  a,  forming  segments  of  a  circle,  six  in  number  and  firmly  bolted  to- 
gether at  the  joints.  The  frame  of  the  fore-hearth  X  is  also  made  of  cast-irou  plates, 
and  the  projection  X"  of  the  fore-hearth,  which  exists  only  in  this  furnace,  is  simi- 
larly framed.  The  crucible,  siphou-tap,  fore-hearth,  and  fore-hearth  projection  are 
entirely  lined  with  steep,  made  of  one  part  fire-clay  and  one  part  finely  pulverized 
coke.  The  projection  of  the  fore-hearth  is  provided  with  two  slag-spouts,  U.  The 
frame  of  the  lead-pot  is  made  of  strong  sheet-iron,  a',  bolted  to  the  cast-iron' plates  of 
the  crucible.  The  system  of  water-jackets  consists  of  six  jackets  of  equal  dimensions; 
four  of  these  are  made  of  strongly  riveted,  wrought-iron  boiler-plates  and  two  are  made 
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of  cast  iron.  This  principle  is  a  bad  one,  owing  to  tbe  unequal  expansion  and  con- 
traction of  tbe  two  metals,  and  should  be  avoided;  whenever  this  plan  is  adopted  the 
water-jacket  system  frequently  gets  out  of  order.  Each  jacket  is  provided  with  a 
feeder,  R,  in  which  exists  an  outlet  for  the  hot  water,  and  a  hole,  n,  for  the  introduction 
of  the  nozzle  of  a  tuyere.  Fig.  2  shows  the  disposition  of  the  six  tuyeres  and  of  the 
jackets;  the  space  between  the  water-jackets  and  the  masonry  above  is  filled  as  usual 
by  fire-bricks,  b.  The  pillars  P  have  their  capitals  flange-shaped  at  0".  This  flange 
rests  on  the  pillars  by  means  of  brackets  t.  The  main  cast-iron  plate-support  0  is  also 
flanged  at  o  (Fig.  4),  and  these  flanges  are  connected  with  the  circular  and  vertical 
flange  0'  of  the  plate  by  means  of  the  brackets  r.  The  masonry  and  stack  are  en- 
tirely surrounded  by  a  wrought-iron  casing  or  jacket,  J',  surrounded  at  the  base  by 
the  flange  0'. 

There  is  only  one  feed-hole,  H,  at  the  throat,  but  this  feed-hole  is  twice  as  high  as 
it  is  in  most  furnaces,  and  is  divided  into  two  sections  by  two  hinged  wrought-iron 
doors,  S'  S".  The  upper  door  is  only  opened  to  bar  out  the  furnace.  The  damper  G  of 
the  stack  is  not  s'ugle,  as  in  all  the  other  furnaces,  but  is  made  of  two  halves,  G  G'. 
The  walls  €'  of  this  furnace  are  much  thicker  than  the  walls  of  most  circular  blast- 
furnaces. 

The  induction-pipe  Jis  made,  as  usual,  of  galvanized  sheet  iron.  It  has  a  pecu- 
liar shape;  it  forms  a  ring  around  the  furnace,  and  this  ring  is  square  in  vertical  section, 
but  the  branch  pipes  J  are  cylindrical,  as  is  always  the  case.  Each  furnace  smelts  from 
17  to  20  tons  in  twenty-four  hours;  produces  from  4  to  5  tons  of  bullion  and  from  13  to  25 
tons  of  slag.1  The  length  of  run  of  these  furnaces  is  about  six  months ;  they  are  barred 
out  every  twelve  hours,  at  the  beginning  of  each  shift.  The  chief  defect  is  that  the 
diameter  of  the  water-jackets  at  the  tuyeres  is  rather  too  large.  Contrary  to  the  plan 
adopted  at  all  tbe  other  smelters,  periodical  tapping  of  slag  is  not  done  here.  The 
slag  is  allowed  to  flow  in  a  constant  stream,  and  the  gutter  in  the  steep  of  the  fore- 
hearth  and  its  projection  are  covered  with  live  charcoal  to  prevent  the  chilling  of  the 
slag.  The  slag-pots  used  at  these  works  are  indicated  by  B  B';  they  are  independent 
of  the  car  D',  by  means  of  which  they  are  wheeled  to  the  slag-heap. 

The  quantity  of  speiss  resulting  from  the  smelting  of  10,241  tons  of  ore  during 
the  year  ending  June,  1880,  was  about  20  tons,  assaying  49  ounces  of  silver  to  the  ton 
and  containing  980  ounces  of  silver;  consequently  the  quantity  of  speiss  formed 
amounts  to  about  0.2  of  1  per  cent,  of  the  ore. 

Condensing  chamber — lu  Plate  XXV  the  general  disposition  of  the  dust-chamber 
and  its  connection  with  the  furnaces  are  seen  in  perspective.  In  Fig.  3,  Plate  XXIV, 
the  same  chamber  is  seen  in  horizontal  section,  divided  into  three  parts  by  means  of 
partition  walls,  TF',  the  arrows  indicating  the  circulation  of  the  fumes.  Fig.  2,  Plate 
XXIV,  is  a  vertical  section  of  the  same  chamber.  Both  sections  are  drawn  to  scale,  and 
a  glance  at  them  is  all  that  is  necessary  to  understand  its  construction  and  its  working. 
About  150  tons  of  dust  were  collected  in  this  chamber  in  the  space  of  six  months. 

Roasting-furnace — This  furnace  is  represented  in  elevation  (Fig.  1,  Plate  XXIV), 
chiefly  with  a  view  of  giving  its  dimensions,  for  it  presents  no  peculiarity  in  construc- 
tion.   Its  width  (not  indicated  in  the  sketch)  is  12  feet.    The  sketch  shows  the  system 
of  bracing  by  rails,  the  hinged  cast-iron  doors  d,  and  the  dotted  lines  indicate  the  in- 
1  The  mnuicipality  of  Leadville  uses  most  of  this  slag  to  macadamize  the  roads. 
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ternal  disposition  of  tbe  furnace.  This  roasting-furnace  is  used  at  Smelter  A  for  roast- 
ing the  chamber  dust  previous  to  resmeltiug.  In  the  study  of  metallurgical  products 
it  will  be  seen  that  it  is  an  expensive  and  useless  operation,  and  th'atit  were  better,  on 
the  contrary,  to  use  it  for  the  roasting  of  mattes  and  speiss.  The  former,  being  roasted 
in  heaps,  lose  a  great  deal  of  their  silver,  and  the  latter  is  not  treated  in  Leadville. 
The  only  point  of  interest  in  the  roasting-furuace  of  Smelter  A  is  the  flue  C,  in  which 
a  good  deal  of  the  products  volatilized  during  the  roasting  is  condensed;  so  that  this 
furnace  is  admirably  adapted  for  the  treatment  of  matte,  accretions,  and  speiss,  all 
products  containing  a  good  deal  of  silver.  8  represents  the  stack  of  the  furnace ;  0, 
the  damper  of  the  stack.  The  ash-pit  of  the  furnace  is  not  visible,  but  is  placed  at  h. 

SMELTER  B. 

Disposition  of  works — These  works,  the  largest  and  most  important  in  or  near 
Leadville,  are  situated  in  Leadville  proper,  on  the  northern  bank  of  California  gulch 
and  facing  the  gulch.  With  their  118  men  at  work  in  a  .somewhat  limited  space  they 
present  an  unusual  amount  of  bustle  and  activity  and  smelt  about  one  hundred  tons 
of  ore  in  12  hours. 

The  old  slag-heap,  placed  immediately  in  front  of  the  furnaces,  is  being  entirely 
dug  up,  in  order  to  be  resinelted.  These  slags  were  made  formerly  of  siugulo-silicates, 
but  now  the  slags  contain  a  little  more  silica,  and  are  called  acid  slags.  The  old  slag- 
Leap  is  placed  in  direct  communication  with  the  feeding-floor  by  means  of  an  inclined 
tramway  supported  by  timber  trestle-work,  on  which  a  mine  wagon  is  run  by  a  wire 
rope  which  winds  over  a  drum  placed  on  the  feeding-floor.  The  new  slags  made  at  these 
works  are  allowed  to  solidify  in  the  pots;  they  are  detached  while  hot,  lifted  by  means 
of  a  small  crane,  placed  on  a  small  iron  truck  running  on  a  tramway  resting  partly  on 
the  ground  in  front  of  the  \\  orks,  partly  on  a  timber  bridge  projecting  over  the  gulch, 
and  being  taken  to  the  end  of  the  bridge  are  dumped  into  the  gulch.  The  main  smelt- 
ing building  at  smelter  B  is  212  feet  by  94  feet.  The  ore-bins  are  placed  on  the  feed- 
ing-floor within  this  building,  where  are  also  placed  the  ore-beds,  crushers,  Cornish  rolls, 
etc.  The  coke-room,  at  the  back  of  the  main  building,  is  200  feet  by  20  feet  and  the 
charcoal- bills  are  150  by  18  feet.  Large  heaps  of  dolomite,  hematite,  and  large  dumps 
of  low-grade  ore  fill  up  the  open  space  at  the  rear  of  the  works.  Large  Fairbanks 
scales,  of  a  capacity  of  20  tons,  occupy  a  detached  office  at  the  entrance  of  the  works. 
The  offices,  assay  offices,  and  laboratory  occupy  a  detached  building.  In  the  well-fitted 
laboratory,  besides  the  current  assays  made,  the  specific  gravity  of  slags  is  determined 
from  day  to  day.  The  slags  are  considered  fit  to  be  thrown  away  when  their  specific 
gravity  is  3.0. 

Nine  Baker  blowers,  standing  in  a  row  under  the  feeding-floor  and  at  the  back 
of  the  furnaces,  supply  the  blast.  These,  as  well  as  three  Blake  crushers,  three  sets  of 
Cornish  rolls,  one  small  pulverizer,  the  slag-hoisting  machine,  and  the  pumps  supply- 
ing the  tanks  from  which  the  water-jackets  are  fed,  are  worked  by  two  engines,  14 
by  24  inches,  of  00  horse-power  each.  Each  engine  is  connected  with  two  boilers, 
44  inches  by  14  feet,  worked  at  a  pressure,  of  70  pounds  to  the  square  inch.  Both  en- 
gines and  boilers  were  manufactured  by  Messrs.  Fraser  &  Chalmers.  The  engine  and 
boiler  rooms  stand  on  the  left  of  tbe  -works  (facing  the  furnaces),  next  to  the  furnaces 
and  on  a  level  with  them. 
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Furnaces — The  smcltiug  plaut  consists  of  three  large  square  furnaces,  made  ot 
brick.  With  the  exception  of  the  water-jackets  they  are  exactly  similar  in  sha  pe,  dimen 
sions,  and  capacity.  They  are  represented  in  elevation  and  in  section  on  Plate  XXVI. 
There  are  besides  six  circular  furnaces,  manufactured  by  Messrs.  Fraser  &  Chalmers, 
of  Chicago.  These  furnaces  are  represented  in  elevation  and  section  on  Plate  XXVII. 

A  full  description  of  both  the  square  and  the  round  furnaces  at  this  smelter 
has  already  been  given  at  the  commencement  of  this  section,  to  which  the  reader  is 
referred  for  further  details  concerning  their  construction.  The  capacity  of  the  square 
furnaces  is  35  to  40  tons  of  ore  per  24  hours,  and  that  of  the  circular  ones  20  to  22 
of  ore  in  the  same  time.  The  heat  radiated  in  front  of  these  nine  furnaces,  closely 
packed  in  a  narrow  space,  is  so  great  that  the  men  are  obliged  to  constantly  water 
the  ground  in  front  of  them.  The  crucibles  of  both  square  and  round  furnaces  are  made 
of  steep,  the  mixture  preferred  at  these  works  being  two  parts  of  fire-clay  and  one  part 
of  coke-dust.  The  length  of  runs  is  various  and  averages  three  months. 

Condensing  chambers — The  condensation  of  lead  fumes  at  tliis  smelter  is  of  the 
poorest  description.  Four  furnaces  are  totally  without  any  condensing  apparatus; 
three  furnaces  are  connected  with  an  oblong  sheet-iron  box,  50  feet  long,  C  feet  high, 
and  G  feet  wide,  placed  on  the  feeding-floor;  and  one  furnace  communicates  with  a 
small  chamber,  9-foot  cube,  placed  on  the  same  floor.  Each  chamber  is  provided 
with  a  stack  made  of  sheet-iron.  With  such  inadequate  arrangements  the  works  are 
perpetually  enveloped  in  a  thick  atmosphere  of  smoke  and  lead  fumes,  and  "  leading" 
is  of  frequent  occurrence. 

Baniett  filter — During  the  collection  of  notes  for  this  report,  a  most  interesting 
and  valuable  experiment  was  being  made  at  these  works  with  a  view  to  the  total  con- 
densation of  lead  fumes.  This  experiment  was  carried  on  at  great  expense  with  the 
elaborate  apparatus  known  as  the  Bartlett  smoke-catcher  or  filter.  It  was  no  successful 
and  the  results  derived  from  it  are  so  interesting  that  the  whole  deserves  a  full  descrip- 
tion. The  arrangement  adopted  is  shown  in  Fig.  1,  Plate  XXVIII.  The  stack  E  of 
one  of  the  squaie  furnaces  A  was  connected  by  means  of  the  sheet-iron  flue  F'  with  a 
Sturtevant  fan,  B,  drawing  the  fumes  from  the  furnace  and  blowing  them  through  the 
sheet-iron  pipe  P,  about  one  hundred  and  fitly  feet  long,  where  they  parted  with  their 
dust,  as  in  an  ordinary  flue.  The  pipe  P  is  connected  by  means  of  two  sheet-iron 
branch  pipes,  P',  with  two  thin  sheet-iron  boxes,  aa'.  Each  branch  pipe  P'  is  provided 
with  a  damper  or  valve,  exactly  similar  to  those  used  in  common  stove  pipes  for  the 
regulation  of  draft,  so  that  the  fumes  can  be  distributed  evenly  in  the  boxes  or 
shut  off  from  one  and  allowed  :o  enter  only  the  other.  Each  box  is  formed  of  two 
parts,  the  dust-chamber  aa'  and  thfe  fireplace  N.  The  dust-chamber  is  provided  with 
sliding  doors  0,  placed  at  each  extremity,  and  the  fireplace  with  doors  f7,  placed  in 
front,  and  sheet  iron  pipes  L  at  the  back  which  communicate  with  a  stack,  L'.  The 
chambers  a  a'  are  provided  at  the  top  with  28  apertures,  to  each  of  which  is  fastened 
a  cloth  bag,  b,  30  feet  high,  suspended  to  the  beams  of  the  light  wooden  structure  in 
which  the  apparatus  is  inclosed.  This  building  M  is  provided  with  very  large  open- 
ings for  ventilation.  When  the  apparatus  is  at  work  the  fumes,  blown  in  through 
pipes  PP',  distribute  themselves  in  the  dust-chambers  a  a'  and  ascend  the  cloth  bags, 
through  which  they  filter.  The  gases  come  out  perfectly  colorless  and  arc  entirely 
deprived  of  any  lead  dust  or  even  soot.  The  wind,  entering  freely  through  the  aper- 
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tures  provided  in  the  light  building,  shakes  the  bags,  and  the  dust  with  which  they 
are  charged  falls  into  the  dnst-chambers.  When  a  sufficient  quantity  of  this  dust  has 
accumulated  there,  the  doors  O  are  opened  and  a  light  wood  fire  is  placed  through 
doors  d  in  the  fireplace  If.  The  soot  of  the  dust  soon  catches  fire,  and  the  dust,  which 
was  quite  black,  like  lampblack,  becomes  white;  it  becomes  also  denser  by  this  opera- 
tion and  is  more  easily  manipulated.  When  the  smoke  has  thus  been  calcined  it  is 
shoveled  out  through  doors  0. 

During  a  run  of  five  days  3,030  pounds  of  this  calcined  dust  was  caught  in  the 
Bartlett  filter  from  one  furnace,  but  the  experiment  was  not  altogether  satisfactory  for 
the  reason  that  the  furnace  was  worked  with  an  open  feed-hole,  as  with  an  ordinary 
dust-chamber,  and  that  the  Sturtevant  fan  was  drawing  as  much  air  as  smoke,  so  that 
the  damper  G  of  the  furnace  had  to  be  left  half  open  and  about  half  the  smoke  was 
lost.  In  the  conditions  in  which  the  experiment  was  made  this  could  not  be  avoided, 
but  this  is  only  an  experimental  defect,  impairing  in  no  way  the  value  of  the  filter, 
which  does  its  work  to  perfection;  the  writer  estimates  at  7,000  pounds  the  quantity  of 
dust  which  would  have  been  caught  in  five  days  had  the  experiment  been  made  with 
closed  feed-hole  and  damper,  or  say  at  1,500  pounds  per  twenty  four  hours.  The  calcined 
dust  has  been  assayed  by  Dr.  M.  W.  lies,  and  found  to  contain  70  per  cent,  of  lead  and 
6  ounces  of  silver  to  the  ton ;  so  that  with  a  furnace  of  35  to  40  tons  of  ore  capacity  per 
twenty  four  hours  one-half  a  ton  of  lead  is  lost  in  the  air,  as  well  as  4.5  ounces  of  silver, 
in  twenty-four  hours.  The  result  of  this  is  that  the  quantity  of  lead  lost  in  the  air  is 
greater  than  the  quantity  of  dust  condensed  in  the  dust-chambers.  At  smelter  A,  where 
the  dust  chamber  arrangement  is  of  the  best  kind,  150  tons  of  dust  were  collected  in 
182  days,  giving  1,648  pounds  of  dust  per  twenty-four  hours  for  two  furnaces  whose 
joint  smelting  capacity  in  tons  of  ore  is  equal  to  that  of  the  furnace  connected  with 
the  Bartlett  filter.  This  dust,  assaying  35  per  cent  of  lead,  represents  577  pounds  of 
lead,  or  a  little  over  a  quarter  of  a  ton.  These  are  indeed  important  results  and  are 
worth  considering. 

At  smelter  B,  as  at  most  smelters,  chamber-dust  is  mixed  with  milk  of  lime; 
the  mixture  is  spread  over  ore-beds  and  resmelted  in  this  way.  The  composition  of  the 
dust  caught  in  the  Bartlett  filter  is  extremely  remarkable.  It  has  been  analyzed,  such 
as  it  is  previous  to  calcining,  and  the  results  will  be  found  in  the  study  of  lead  fumes, 
Analysis  XXXVI. 

SMELT*. R  C. 

Disposition  of  works — These  works,  like  all  the  other  smelters  situated  in  Cali- 
fornia gulch,  are  erected  on  the  southern  slope  of  the  northern  bank  of  the  gulch,  the 
gentle  slope  of  this  hill  favoring  singularly  the  construction  of  similar  establishments. 
A  glance  at  the  vertical  section  through  these  works  (Fig.  2,  Plate  XXXI)  will  show 
their  general  disposition.  A  deep  cutting,  u  y  z,  in  the  bank  is  the  only  one  needed 
for  the  erection  of  the  furnaces  B  and  dust-chamber  D'.  In  front  of  the  furnaces  and 
extending  some  little  distance  is  the  slag-heap  X  upon  which  are  seen  piles  of  bullion 
in  bars,  A,  ready  for  shipment.  At  the  foot  of  the  slag  heaps  runs  the  lower  road  of 
California  gulch.  The  furnace  B  is  connected  by  means  of  the  sheet-iron  flue/ with 
the  dust-chamber  D'.  The  water  jackets  of  the  furnace  are  supplied  with  water  from 
the  main  water-pipe  m,  connected  with  the  tank  D,  placed  on  the  feeding  floor  YZ,  and 
constantly  filled  with  water  by  means  of  pumps  worked  by  machinery.  The  sheet  iron 
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stack  F,  communicating  by  a  flue,  D",  with  the  dust-chamber  D',  carries  off  the 
smoke.  Ou  the  feeding-floor,  and  in  close  proximity  with  the  feed-holes  of  the  furnaces, 
are  disposed  the  fuel  and  old  slag  used  as  flux,  as  well  as  the  mixtures  of  ore,  dolo- 
mite, and  hematite  entering  into  the  composition  of  smelting  charges.  On  the  portion 
Z  Y'  of  the  feeding  floor  are  seen  the  crusher  0  and  the  ore-beds  H,  on  the  top  of 
which  are  placed  bticks  of  flue-dust  and  lime,  specially  molded  in  this  form  previous  to 
resmelting  with  the  ore.  To  the  right  and  left  of  the  ore-beds  are  rows  of  ore-bins,  sup- 
plied from  the  wagon-road,  R.  The  scales,  J5,  placed  on  the  feeding-floor,  are  used  for 
weighing  the  different  elements  of  the  smelting  charges,  special  ores  and  fluxes,  which, 
are  classified  and  distributed  right  and  left  on  each  side  of  these  scales.  The  portion  of 
the  works  placed  between  Y  and  Y'  is  inclosed  in  a  light  timber  construction,  F,  pro- 
tecting the  workman,  the  plant,  and  the  works  against  rain,  wind,  and  cold.1 

1  represents  a  second  row  of  ore-bins  supplied  from  the  wagon-road  S.  These 
bins  are  made  of  light  timber ;  they  are  opened  in  d  for  the  removal  of  the  ore,  which 
is  wheeled  to  the  crushers  in  the  wooden  ore  barrows  P.  The  bins  are  supplied  from 
the  ore-wagons  M  through  the  aperture  d',  which  can  be  closed  by  hinged  wooden 
doors.  Jis  the  third  row  of  ore-bins,  exactly  similar  to  the  preceding.  On  road  Tis 
laid  a  railroad  track,  a  siding  of  the  Denver  and  Rio  Grande  Railway.  JV,  represents 
a  car.  In  K  is  a  fourth  row  of  ore-bins,  similar  to  those  previously  described,  and  at  U 
a  wagon-road  placed  in  direct  communication  with  the  upper  level  district  road.  At 
the  extreme  wings  of  the  row  of  bins  K  are  to  be  seen  huge  fuel-bins  for  both  coke 
and  charcoal.  L  represents  a  heap  of  charcoal  placed  on  the  upper  level  of  the  works; 
on  this  level  are  also  ore-dumps  and  heaps  of  dolomite  and  hematite.  Inclined  ways 
run  through  the  rows  of  ore-bins,  connecting  the  different  levels,  which  allow  the  wheel- 
ing down  of  ores,  fluxes,  and  fuel.  The  charcoal-barrows,  made  of  thin  sheet  iron,  are 
represented  in  0  ;  these  barrows,  in  general  use  in  the  camp,  hold  about  eight  bushels 
of  charcoal.  The  feeding-floor  is  connected  with  the  furnace  floor  by  means  of  a  flight 
of  steps  placed  outside  the  main  building,  and  also  by  zig-zag  inclined  ways  for  the 
wheeling  up  of  old  slag  to  be  resmelted. 

Standing  on  the  slag-heap  and  facing  the  furnace,  but  not  shown  in  the  sketch, 
are,  on  the  left,  the  scales  upon  which  the  bars  of  bullion  are  weighed,  and  on  the  right, 
the  boiler,  engine,  and  blast-apparatus  rooms.  Farther  on  the  right  stands  the  shed 
in  which  flue-dust  is  mixed  with  lime,  molded  into  bricks,  and  desiccated  on  driers 
artificially  heated. 

The  offices,  staff  apartments,  assay  offices,  and  laboratory  occupy  a  detached 
building  situated  a  short  distance  from  the  works  and  on  a  level  with  the  lower  road 
of  California  gulch.  A.  small  office,  provided  with  large  Fairbanks  scales,  is  placed 
at  the  entrance  of  the  works  at  one  of  the  upper  branch  roads.  The  assay  offices  and 
laboratory  are  well  fitted  up.  The  muffle  furnace  and  crucible  furnace  are  separate. 
In  the  assay  of  ores  and  slag  for  lead,  iron  rods  are  always  inserted  in  the  crucible. 
Experiments  on  the  fusibility  of  mixtures  of  ores  and  fluxes  are  also  made.  The 
assays  for  silica  are  always  evaporated  in  order  to  obtain  the  percentage  both  of 
gangue  and  of  soluble  silica. 

1  This  building  is  not  correctly  represented  in  the  drawing,  the  ridge-pole  and  ventilator  being 
at  *,he  top  of  the  furnace  /?,  instead  of  at  the  stack  F,  as  there  shown.  (S.  F.  E.) 
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Furnaces — Smelter  C  has  three  furnaces  of  equal  dimensions  and  capacities,  con- 
structed on  the  plan  of  Messrs.  Keyes  &  Areut's  patent.  At  the  time  this  report 
•was  made,  however,  only  two  furnaces  were  running,  and  all  that  has  been  said  or 
will  be  said  of  this  smelter  refers  to  the  work  done  by  the  two  furnaces. 

They  may  be  considered  the  model  furnaces  of  Leadville,  both  as  regards  appear- 
ance and  working  qualities,  and  will  therefore  be  described  in  considerable  detail. 
One  of  them  is  represented  on  Plate  XXIX,  in  elevation  (Fig.  1),  transverse  and  longi- 
tudinal sections  (Figs.  2  and  3).  The  crucible  A  of  this  furnace  differs  essentially  from 
nearly  all  the  others  used  in  Leadville  in  that  the  lead-well  L  does  not  project  out- 
sideof  the  crucible  frame,  but,  together  with  the  crucible,  is  confined  within  the  frame 
formed  by  the  hearth-plates.  A  glance  at  this  furnace  and  at  any  of  the  others,  with 
exception  of  the  furnace  shown  in  Plate  XXXII,  will  show  the  difference.  Another 
peculiarity  is  that  lead  is  not  ladled  out  of  the  lead  well,  as  at  other  smelters,  but  a 
tap  hole,  z1,  is  made  in  its  clay  lining,  and  the  bullion  is  drawn  periodically  into  the 
cast-iron  lead  pot  2V,  mounted  on  a  small  cast-iron  stove,  in  which  a  slow  fire  is  placed 
in  order  to  keep  the  bullion  molten.  The  chimney  /  of  this  stove  communicates 
under  ground  with  the  dust-chamber.  The  advantage  of  this  disposition  is  twofold  : 
the  lead-well  may  remain  constantly  covered  and  its  bullion  be  kept  at  a  high  tem- 
perature, thus  assisting  the  clearing  of  the  siphou  when  this  is  necessary.  On  the 
other  hand,  the  bullion  accumulating  in  the  lead-pot,  being  kept  molten,  can  be  ladled 
rapidly  into  the  molds,  and  the  bars  thus  obtained  are  of  a  good  shape  and  uniform 
composition.  The  entire  hearth  rests  on  a  bed-plate  of  boiler-iron,  with  an  angle-iron 
rim,  which  incloses  the  base  of  the  hearth-walls  or  lining  of  the  crucible.  These  walls 
X  are  entirely  of  fire-bri<-k,  but  the  dam  of  the  crucible  A"  is  protected  by  tamping 
or  pressed  fire-clay,  as  are  the  siphon  L'  and  the  lead-well  L.  The  bottom  of  the 
crucible  is  formed  by  an  inverted  fire-brick  arch,  with  quartz-brasque  beneath,  sepa- 
rating it  from  the  bed-plate. 

The  hearth  is  inclosed  on  the  sides  by  four  cast  iron  plates,  a,  each  1  inch  thick, 
of  which  the  front  and  back  ones  have  each  2  inch  flanges  lapping  over  the  ends  of  the 
side  plates.  These  plates  are  firmly  held  together  or  inclosed  by  three  rows  of  bars 
or  rails,  Q1,  which  are  fastened  at  each  corner  by  wrought-iron  rings  p.  The  top  of 
the  hearth  is  also  cDvered  by  iron  plates,  d.  To  the  front  hearth-plate  is  screwed  and 
bolted  the  slag  gutter  or  spout  U,  and  to  the  side  plate  the  lead-gutter,  V,  leading 
from  the  lead-tap  z. 

These  are  the  only  furnaces  in  which  the  fore-hearth  does  not  project  outside  of 
the  frame  of  the  heurth.  The  crucible,  though  constructed  on  the  same  general  prin- 
ciples as  those  of  other  furnaces  in  Leadville,  differs  essentially  in  the  arrangement  of 
details. 

The  water-jackets  are  thirteen  in  number,  one  in  front,  two  at  the  back,  and  five  on 
each  side.  They  are  screwed  together  and  wedged  at  q,  and  braced  by  tie-rods;  the  tie- 
rods  under  the  hot-water  outlets  S are  not  indicated  on  the  drawing.  The  front  water- 
jacket  does  not  extend  down  to  the  hearth-plate,  but  rests  on  a  fire  brick  wall,  in  the 
middle  of  which  is  a  small  water-cooled  cinder-block  inclosing  the  slag-hole  (see  Fig. 
2),  instead  of  the  ordinary  tyinp-stoue  shown  in  Fig.  1,  Plate  XXXIII. 

The  water  jackets  are  otherwise  similar  in  construction  and  appearance  to  those 
already  described.  Cold  water  is  brought  by  the  pipe  M,  and  passes  through  short 
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inlet  pipes  into  the  water- feeder  R  of  each  jacket.  The  heated  water  passes  out 
through  the  outlet  pipes  S  into  the  gutter  T  (wrongly  indicated  as  T1  in  Figs.  3  and  5). 
The  tuyere-holes  n  are  placed  at  the  junction  of  the  water-jackets. 

The  shaft  of  the  furnace  from  the  water-jackets  up  to  near  the  top  of  the  feed-holes 
is  lined  with  fire-brick.  The  rest  of  the  masonry  walls  C"  are  made  of  common  brick  and 
rest  on  a  cast-iron  carrier  plate,  0,  which  in  turn  rests  freely  upon  iron  girders  <?',  three 
on  each  side  of  the  fuinace,  which  are  firmly  screwed  and  bolted  to  the  capitals  of  the 
hollow  cast-iron  supporting  pillars  P.  The  plate  0  is  in  no  way  fastened  to  the  girders, 
so  that  its  expansion  and  contraction  are  absolutely  free.  The  obvious  advantage  of 
this  arrangement  is  to  render  the  masonry  absolutely  independent  of  the  pillars,  so 
that  both  keep  their  relative  position  unaltered  by  any  lateral  motion  of  the  main 
support.  When  the  main  cast-iron  support  is  fixed  to  the  pillars,  as  is  the  case  in  most 
furnaces,  the  pillars  are  not  nnfrequently  cracked  by  the  irresistible  dilation  of  the 
main  support.  Upon  the  cast-iron  plate  0,  an  outer  wall,  N',  extending  up  to  the  charg- 
iug-floor,  is  built  of  common  bricks.  It  is  strongly  braced  by  five  rows  of  rails,  Q, 
inclosing  flat  vertical  irons  e  and  corner  irons  c.  It  is  said  that  by  the  use  of  the  outer 
wall,  which  naturally  protects  the  hotter  parts  of  the  furnace  against  external  radia- 
tion, a  saving  of  15  per  cent,  of  fuel  is  effected;  so  that  it  must  be  considered  as  an 
important  part  of  the  furnace.  Each  side  wall  of  the  furnace  is  provided  with  two 
feed-holes,  H ;  but,  while  in  most  furnaces  these  holes  arc  placed  in  the  middle  of  the 
wall  and  are  directly  opposite  each  other,  here  they  are  placed  to  the  left  of  the  middle 
on  either  side  and  thus  are  not  directly  opposite.  This  arrangement  is  necessitated 
by  the  large  dimensions  of  the  furnaces  and  enables  the  feeders  to  distribute  properly 
the  charge  without  effort.  The  feed-holes  are  provided,  as  usual,  with  sliding  sheet- 
iron  doors,  S1,  and  have  cast-iron  door-frames.  The  chimney  D  is  braced  at  Q,  and  pro- 
vided with  corner  irons  c.  It  is  connected  with  the  dust-chambers  by  means  of  the 
large  sheet-iron  flue  F',  which  fits  into  a  circular  brick  ring  in  the  furnace  wall,  where 
it  is  held  in  place  by  angle-iron  rings.  The  damper  G  has  riveted  to  it  on  its  lower 
face  an  angle  iron  rim,  which  rests  in  grooves  filled  with  sand  in  the  top  of  the  furnace 
wall,  thus  providing  against  any  escape  of  fumes  when  it  is  closed. 

The  arrangement  for  ventilating  or  carrying  off  the  smoke  of  the  tap-holes  and 
slags  differs  in  these  works  from  that  ordinarily  adopted.  Instead  of  the  hood  Wand 
chimney  W  in  front  of  each  furnace  (as  has  been  by  mistake  indicated  in  the  eleva- 
tion, Fig.  2,  Plate  XXXI),  the  whole  front  part  of  the  building  in  which  the  furnaces 
stand  is  made  one  big  chimney  by  a  partition  wall,  extending  the  length  of  the  building, 
running  up  from  the  charging-floor  on  the  line  of  the  front  of  the  furnace,  and  slanting  a 
little  backwards,  so  as  to  reach  the  middle  of  the  ventilator  at  the  ridge  of  the  roof  and 
where  the  top  of  the  furnace  projects  above  it.  Excellent  ventilation  is  accomplished 
by  this  simple  method. 

Barring-down — The  barring-down  of  these  furnaces  is  effected  in  the  following 
manner:  To  the  upper  end  of  the  long,  chisel-pointed  bar  (Fig.  7,  Plate  XLIV)  is  fast- 
ened a  long  and  strong  rope;  the  bar  is  then  introduced  through  one  of  the  feed-holes 
into  the  furnace,  and  the  chisel  point  is  forced  by  blows  of  a  sledge-hammer  between 
wall  and  accretions.  The  rope  is  then  thrown  across  the  furnace  to  the  other  feed- 
hole,  and  five  or  six  men  pull  at  the  rope;  voluminous  masses  of  accretions  are  often 
detached  in  this  manner  and  are  left  in  the  furnace,  where  they  arc  subsequently 
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fluxed  down  without  serious  stoppings  and  blowings-out.  Even  the  dreaded  sows  float 
on  the  lead  bath,  remaining  constantly  at  the  same  level,  exposed  to  the  oxidizing  influ- 
ence of  the  blast  and  to  the  sulphurizing  influence  of  mattes  and  unreduced  sulphurets ; 
they  thus  rather  assist  than  hinder  the  completion  and  perfection  of  smelting,  and  very 
soon  disappear,  being  fluxed  down  in  this  way. 

Sampling  of  bullion — The  chisel  used  to  detach  pieces  of  bullion  from  each  bar  at 
smelter  C  is  represented  in  Fig.  14,  Plate  XLIV.  It  is  a  hollow  conical  chisel  or 
punch,  provided  with  two  apertures,  a  and  b.  Samples  of  lead  or  assay  bits  (Fig.  15, 
Plate  XLIV)  are  obtained  from  the  top  and  bottom  of  eacli  bar  by  hammering  the 
chisel  perpendicularly  to  the  bar.  The  punch  being  driven  by  the  hammer  into  the 
surface  of  the  bar,  the  cylinder  of  lead  is  forced  in  at  b  and  out  through  a,  being  detached 
by  striking  the  butt-end  of  the  punch. 

Slags.  -A  uniform  treatment  of  slags  has  been  adopted  at  smelter  C,  which  pre- 
sents two  advantages.  The  slag  is  left  in  the  pot  until  a  solid  crust  about  two  inches 
thick  is  formed  on  the  sides  and  surface  of  the  mass.  The  upper  crust  is  pierced  by 
two  holes,  the  slag-pot  is  reversed  on  the  slope  of  the  slag-heap  and  its  molten  con- 
tents poured  out.  The  thin  shells  of  slag  thus  obtained  are  broken  up  and  kept  for 
smelting.  It  will  be  seen  in  the  assays  of  slag  that  the  side  shell  is  a  little  richer  in 
silver  than  the  portion  of  the  slags  poured  out;  but  that  the  upper  crust  is  poorer  in 
silver  than  either  the  poured  out  portion  or  the  side  shell,  so  that  this  portion  of  the 
slag  might  be  thrown  away  as  useless. 

Bars  of  bullion — At  smelter  C  the  bars  of  bullion  weigh  about  ninety -eight  pounds. 
They  have  the  shape  and  dimensions  indicated  in  Figs.  3  and  4,  Plate  XLV. 

Length  of  run — The  average  length  of  run  of  the  admirable  furnaces  above  de- 
scribed is  12  months,  and  runs  of  even  13  months  have  been  obtained.  The  remarka- 
ble length  of  these  campaigns  is  due  not  only  to  the  mechanical  perfection  of  the 
apparatus,  but  also  to  the  great  care  bestowed  upon  every  detail  of  the  smelting  opera- 
tions. 

Dust-chambers — The  dust-chambers  are  built  of  small  blocks  of  limestone  (Lead- 
ville  dolomite),  cemented  hy  a  mortar  of  sand  and  lime.  They  were  constructed  at  a 
time  when  limestone  was  less  expensive  than  bricks.  They  form  a  parallelopipedic 
construction  75  feet  long,  15  feet  high,  and  25  feet  wide,  with  walls  about  one  foot 
thick,  and  are  placed  immediately  below  the  feeding-floor  at  the  rear  of  the  furnace, 
In  Plate  XXX  are  seen  the  vertical  sections  (Fig.  1)  and  the  horizontal  sections  (Fisr. 
2)  of  these  chambers.  Figs.  6,  c.  d,  e,  /,  g  represent  elevations  of  the  partition  walls 
W,  showing  the  disposition  of  the  apertures  a  through  which  the  fumes  circulate.  At 
the  time  this  report  was  made  the  chambers  were  connected  with  only  two  furnaces, 
although  they  are  constructed  to  condense  the  fumes  from  three;  this  explains  the 
unequal  allowance  of  condensing  space  provided  for  each  furnace.  The  first  furnace 
is  connected  with  a  chamber  divided  into  two  sections,  A  and  B,  by  a  wall,  IV7,  provided 
with  an  aperture,  a  (see  also  Fig.  g) ;  the  fumes  enter  the  chambers  at  F1  and  reach  the 
sheet-iron  stack  through  G".  The  second  furnace  is  connected  by  the  flue  F"  with  the 
chamber,  divided  into  sections  (7,  D,  E,  G.  The  fumes  circulate  alternately  up  and  down 
and  from  right  to  left,  until  they  reach  the  flue  6",  which  takes  them  to  the  stack  F. 

The  whole  arrangement  is  far  from  perfect,  but  the  fumes  are  made  to  strike 
walls,  and  this  seems  to  be  one  of  the  conditions  essential  to  deprive  them  of  their  dust. 


PLANT  OF  SMELTER  D.  679 

The  lighter  portions  of  the  fumes  are  carried  away  into  the  air  and  fall  back  occasion- 
ally on  the  roof  of  the  building,  which  is  covered  with  an  impalpable  yellowish-white 
dust.  In  each  section  of  the  chambers  is  a  door  for  the  extraction  of  the  dust,  which 
is  moistened  with  water  before  being  wheeled  away. 

Treatment  of  flue-dust — From  four  to  five  tons  of  flue-dust  are  collected  weekly  in 
the  chambers  just  described.  The  dust  is  mixed  with  milk  of  lime  and  molded  into 
bricks  in  the  molds  represented  in  Figs.  9  and  10,  Plate  XLIV,  which  are  also  used  for 
common  bricks.  The  bricks  thus  obtained  are  then  dried  under  a  shed  and  after- 
wards on  driers ;  they  are  then  laid  on  the  ore-beds  and  resmelted. 

One  of  these  bricks  was  examined  to  determine  the  actual  quantity  of  lime  with 
which  they  are  mixed.  Their  contents  in  lime  and  magnesia  are :  Lime,  C.9  per  cent.; 
magnesia,  5.1  per  cent.,  or  12  per  cent,  in  all ;  but  the  original  dust  contained  already 
4  per  cent,  of  a  mixture  of  lime  and  magnesia,  leaving  8  per  cent,  for  the  lime  and 
magnesia  thus  introduced. 

Treatment  of  mattes  and  accretions — Mattes  and  accretions  are  placed  in  heaps  in 
alternate  layers  with  wood,  and  thus  slowly  roasted  by  slow  combustion;  but  it  will 
be  seen  in  the  study  of  mattes  and  accretions  that  this  is  a  very  imperfect  mode  of 
treatment,  by  which  a  great  deal  of  silver  is  lost.  Speiss  is  kept  separate  from  other 
products  at  smelter  C,  but  is  not  treated.  It  will  be  seen  in  the  analytical  study  on 
speiss  that  this,  as  well  as  all  the  other  speiss  at  the  camp,  contains  a  small  quantity  of 
molybdenum,  which  is  entirely  concentrated  there. 

Steam-power — The  boiler  is  worked  at  a  pressure  of  60  pounds  to  the  square  inch, 
and  the  engine  is  of  50  horse-power.  The  machinery  driven  by  this  engine  consists  of 
two  No.  5.J  Baker  blowers,  three  Blake  crushers,  and  the  pumps  feeding  the  water 
tanks. 

The  blast  arrangement  adopted  at  this  smelter  is  the  one  chosen  for  the  general 
description  at  the  commencement  of  this  section,  to  which  the  reader  is  referred.  The 
normal  pressure  used  is  eight-eighths  to  nine-eighths  inch  of  mercury.  It  will  be  seen 
in  the  discussion  of  the  blast  furnace  that  the  weight  of  atmospheric  air  needed  to 
work  in  the  best  conditions  is  about  four-fifths  the  weight  of  the  smelting  charges; 
it  -will  also  be  seen  that  the  volume  of  blast  in  Leadville  is  much  greater  than  at  lower 
altitudes. 

Smelter  C,  with  two  furnaces,  smelts  from  80  to  100  tons  of  ore  per  24  hours. 

SMELTER  D. 

Smelter  D  is  a  neat  and  compact  little  smelter  situated  on  the  northern  bank  of 
California  gulch,  and  so  like  the  similarly  situated  smelters  just  described,  in  its  gen- 
eral arrangement,  that  its  description  will  not  be  given  in  detail.  The  pressure  of 
steam  in  the  boilers  is  65  pounds  to  the  square  inch;  they  supply  a  40  horse-power 
engine,  which  drives  two  No.  5  Baker  blowers,  1  Blake  crusher,  one  set  of  Cornish  rolls, 
and  the  pumps  feeding  the  water  tank,  which  supplies  the  water-jackets  of  two  fur- 
naces. The  diameter  of  the  pipe  supplying  both  is  2£  inches.  The  pressure  of  blast 
used  at  this  smelter  is  the  lowest  in  the  camp  and  averages  from  four-eighths  to  six- 
eighths  inch  of  mercury. 

Furnaces. — The  two  furnaces  used  at  this  smelter,  and  which  are  equal  in  dimen- 
sions and  capacity,  are  represented  in  elevation  (Fig.  1)  and  in  vertical  section  (Fig.  2, 
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Plate  XXXII),  and  are  connected  with  the  dust-chamber  represented  iu  Fig.  4.  A 
longitudinal  or  side  elevation  of  the  furnace,  shown  in  front  elevation  iu  Fig.  1,  is  seen 
iu  Fig.  3.  The  hearth  A  is  very  similar  to  that  of  the  furuaces  at  Smelter  C,  already 
described;  it  is  liued  with  fire-brick,  and  the  siphon-tap  Lis  confined  within  the  hearth- 
plates;  but  here  the  bullion  is  ladled  out  direct  from  the  siphon-tap.  The  hearth- 
plates  are  braced  by  one  row  of  braces,  Q'.  The  hearth  is  also  confined  within  the 
hearth  plates,  as  was  the  case  at  smelter  0,  and  does  not  project  out,  as  in  other  fur- 
naces. The  water-jackets  B  are  made  of  riveted  steel  boiler  plates  and  are  braced  by 
tie-rods  Q.  There  are  only  four  jackets:  one  in  frout,  one  at  back,  and  one  large  one 
ou  each  side.  The  circulation  of  water  in  these  jackets  is  similar  to  the  one  adopted 
with  cast-irou  jackets;  the  water  is  introduced  by  means  of  the  pipe  M,  and  the  hot 
water  comes  out  at  the  open  outlets  R,  provided  with  outlet-pipes  8.  The  back  water- 
jacket  is  provided  with  two  tuyere-holes,  which  are  uot  used,  and  the  side  jackets  with 
four  holes,  in  each  of  which  a  tuyere  is  placed;  so  that  each  furnace  is  worked  with 
eight  tuyeres. 

The  pillars  P  do  uot  rest  on  the  ground,  as  is  the  case  with  all  the  furnaces  thus- 
far  described,  but  on  the  lining  of  the  crucible.  Another  peculiarity  is  that  there  are 
six  of  these  pillars,  instead  of  four  as  in  most  furnaces.  The  capitals  are  supported 
on  the  pillars  by  means  of  brackets  t.  The  main  cast-iron  plate  support  is  of  unusual 
thickness,  being  four  inches  thick.  The  use  of  a  plate  of  such  unusual  dimensions 
is  necessitated  by  the  fact  that  the  masonry  does  not  rest  directly  on  the  pillars,  as  in 
other  furnaces. 

The  masonry  consists  of  fire-bricks,  as  usual,  but  is  entirely  surrounded  by  a 
wrought  irou  jacket,  J'.  At  the  throat  there  are  two  feed-holes  U,  provided  with  slid- 
ing doors  S'. 

Dust-chamber. — The  sheet  iron  stack  of  each  furnace,  which  is  a  prolongation  of 
the  jacket,  is  connected  by  means  of  the  flues  F1  F"  with  the  sheet-iron  dust-chamber, 
formed  of  a  cylindrical  portion  D1  and  a  conical  portion  D".  The  fumes  escape  through 
the  sheet  iron  stack.  The  dust  is  withdrawn  from  this  chamber  by  means  of  sliding 
valve  S,  and  falls  from  the  aperture  Z  into  a  wheelbarrow,  T.  At  smelter  D  flue-dust 
is  not  mixed  with  lime,  as  at  most  smelters,  nor  spread  over  ore-beds  or  mixed  with 
smelting  charges;  it  is  simply  moistened  with  water  and  throwu  in  the  furnace  in  the 
proportion  of  one  shovelful  to  every  two  smelting  charges.  The  smelting  capacity  of 
each  furnace  is  24  tons  of  ore  per  24  hours,  or  one  ton  per  hour.  The  pressure  in 
blast-pipe  R1  is  regulated  by  a  damper  placed  at  its  extremity.  The  length  of  runs  at 
this  smelter  is  about  two  months. 

SMELTER  E. 

Disposition  of  works.—  These  works,  situated  on  Big  Evans  gulch,  are,  like  all  the 
smelters  erected  on  this  gulch,  divided  into  two  levels  only.  This  smelter  is  small,  but 
well  managed,  and  is  one  of  the  most  successful  of  its  size.  The  pressure  of  the  steam 
in  the  boilers  is  70  pounds  to  the  square  iuch;  they  supply  a  40  horse-power  engine, 
which  drives  two  Baker  blowers,  a  set  of  Cornish  rolls,  two  Blake  crushers,  and  the 
pumps  feeding  the  water  tanks.  The  ore  and  fuel  bins  are  inclosed  in  the  main  build- 
ing, through  which  runs  a  wagon-road,  and  fuel  reserves  are  placed  at  the  back,  out- 
side of  the  works.  The  offices,  provided  with  Fairbanks  scales,  and  the  laboratory  are 
situated  in  a  detached  building  a  short  distance  back  of  the  main  building. 
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Furnaces. — The  smelting  capacity  of  these  works  is  40  to  50  tons  of  ore  per  24 
hours.  Smelting  is  carried  on  in  two  blast  furnaces  of  unequal  capacity,  constructed 
by  Messrs.  Fraser  &  Chalmers,  of  Chicago.  The  small  furnace  is  ciicular  and  jacketed 
all  over.  Its  smelting  capacity  is  15  tons  of  ore  per  24  hours  The  crucible  is  lined 
with  steep,  made  of  two  parts  fire-clay  and  one  part  coke  dust.  The  distance  between 
tuyere  and  feed-hole  is  10  feet  9  inches.  The  depth  of  the  crucible  is  28  inches.  The 
diameter  of  the  riveted  wrought-irou-plate  water-jacket  is  36  inches.  This  jacket  is 
siugle.  The  furnace  is  worked  with  five  tuyeres,  each  2£  inches  in  diameter  at  the 
nozzle.  The  average  pressure  of  blast  used  at  smelter  E  is  one  inch  of  mercury.  The 
large  furnace  presents  the  same  general  appearance  as  the  small  one,  and  is  jacketed 
all  over;  but  it  is  elliptical  in  section,  the  axes  at  the  feed  hole  being  69  inches  and  54 
inches,  respectively,  and  the  axes  of  the  riveted  wrought- iron-plate  water-jackets  52 
inches  and  34  inches.  The  water-jacket  is  made  in  four  sections.  The  furnace  is 
worked  with  seven  tuyeres  2£  inches'  diameter  at  the  nozzle.  The  depth  of  the  crucible 
is  the  same  as  that  of  the  small  furnace,  namely,  28  inches  and  it  is  lined  with  the  same 
kind  of  steep.  The  furnaces  have  projecting  fore  hearths  and  lead  siphon-taps,  and 
are  constructed  on  identically  the  same  principles  as  the  circular  furnaces  at  smelter 
B,  made  by  the  same  firm.  The  furnaces  are  barred  out  every  four  days,  and  the 
length  of  run  is  about  three  months. 

Dnst-chamber. — Both  furnaces  are  connected  by  means  of  sheet-iron  flues  with  a 
brick  chamber,  flue-shaped  arid  placed  under  the  feeding-floor.  This  chamber  is  75 
feet  long,  4  feet  wide,  and  6  feet  high.  It  is  provided,  as  usual,  with  a  sheet-iron  stack 
about  30  feet  high,  placed  at  the  extreme  end.  The  chamber  is  not  divided  into  sec- 
tions by  internal  walls,  so  that  the  condensation  of  fumes  is  rather  imperfect;  doors 
placed  at  short  intervals  allow  the  clearing  away  of  the  dust. 

At  smelter  E  flue-dust  is  mixed  with  lime  in  the  proportion  of  one  ton  of  dust  for 
300  pounds  of  lime  (dolomitic),  or  about  15  per  cent.  The  mixture,  after  moistening, 
is  molded  into  bricks,  which  are  then  dried  in  the  air  and  laid  over  ore-beds  to  be 
resraelted. 

SMELTER  F. 

Disposition  of  works — Smelter  F  is  the  model  smelter  of  Big  Evans  gulch.  The 
smelting  building  is  capacious  and  well  distributed,  and  everything  in  the  construction 
of  details  of  plant  indicates  extensive  previous  experience  in  smelting  and  no  small 
amount  of  forethought.  Like  all  the  smelters  in  Big  Evans  gulch,  smelter  F  is  divided 
into  two  levels.  The  boiler,  engine,  and  blast  rooms  are  placed  on  the  left  of  the  fur- 
nace room  (facing  the  furnaces)  and  on  a  level  with  them.  There  are  two  fine  boilers, 
worked  at  a  pressure  of  65  pounds  to  the  square  inch,  and  the  engine  is  of  50  horse- 
power. The  machinery  driven  by  this  engine  consists  of  two  Baker  blowers2  two 
Blake  crushers,  a  small  griiiding-mill,  and  the  pumps  feeding  the  water-tank.  The 
system  of  blast- pipes  is  identical  with  the  one  used  at  smelter  C.  It  is  provided  with 
safety-valves  and  dampers,  and  the  excess  of  blast  is  ejected  by  means  of  a  damper 
placed  at  the  extreme  end  of  the  main  pipe.  Several  rows  of  ore-bins  and  fuel-bins 
are  placed  on  the  feeding  floor  of  the  main  building,  and  reserves  of  fuel  stand  at  the 
back  and  outside  the  works.  A  broad  wagon-road  runs  through  the  entire  length 
of  the  works.  The  offices  occupy  a  detached  building  placed  near  the  entrance  of  the 
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works.  The  Fairbanks  scales  are  placed  immediately  at  the  eutrauce  of  the  main 
building  and  are  connected  with  a  small  office.  The  laboratory  occupies  a  detached 
construction  distinct  from  the  offices. 

Furnaces — There  are  two  blast  furnaces,  of  equal  shape,  dimensions,  and  capacity. 
The  capacity  of  each  furnace  is  30  tons  of  ore  per  24  Lours.  Fig  1,  Plate  XXX11I, 
represents  the  front  elevation  of  one  of  these  furnaces.  They  are  square  (8  by  7  feet 
outside  measurement  at  feeding  door,  and  5  by  5  feet  inside  measurement  of  crucible), 
and  their  masonry  is  entirely  made  of  bricks,  braced  at  Q.  They  are  provided  with  two 
feed-holes  17,  opened  or  closed  by  means  of  sliding  doors  S'.  The  masonry  rests  ou 
a  main  cast-iron  plate,  0,  supported  on  four  cast-iron-pillars,  P.  The  space  b  between 
the  masonry  and  the  water-jackets  is  filled  with  fire-brick. 

The  water-jackets,  which  are  entirely  made  of  cast  iron,  are  similarly  disposed 
in  every  respect  to  those  of  the  same  kind  previously  described.  They  consist  of  one 
jacket  in  front,  one  at  the  back,  and  two  on  each  side.  They  are  provided  with  feeders, 
outlet-pipes,  and  supply-pipes.  The  fire-brick  breast  V,  placed  between  the  hearth 
and  front  jacket,  is  seen  in  this  furnace,  and  corresponds  to  a  similar  arrangement  in 
all  square  furnaces  in  which  the  water-jackets  are  entirely  made  of  cast  iron.  The 
water-jackets  are  provided  with  seven  tuyere-holes,  three  ou  each  side  and  one  at  the 
back,  and  the  furnace  is  worked  with  seven  tuyeres. 

Patent  tuyeres — Fig.  J,  Plate  XXXIII,  was  specially  drawn  to  show  the  system 
of  tuyeres  at  this  smelter,  which  differ  in  every  respect  from  the  thin  sheet-iron  gal- 
vanized tuyeres  in  general  use  in  the  camp.  The  tuyeres  were  patented  December  6, 
1875,  by  Mr.  August  Werner.  They  are  made  of  cast  iron,  three  fourths  of  an  inch 
thick,  and  their  internal  diameter  is  2J  inches.  They  are  divided  into  two  parts,  the 
nozzle  N,  and  the  elbow  JV'.  Both  the  nozzle  and  the  elbow  are  flanged  at  r,  the 
flanges  being  faced  so  as  to  tit  closely  and  allow  no  escape  of  blast.  The  nozzle  and 
elbow  are  hinged  at  <7,  and  to  the  nozzle  are  fixed  three  small  chains,  c,  hooked  to  the 
water-jackets.  By  means  of  these  the  direction  of  the  tuyere  can  be  changed  at  will 
so  as  to  send  the  blast  up  and  down  or  right  and  left.  At  this  end  the  nozzle  termi- 
nates in  a  wrought-iron  spherical  i  ing  or  ball,  which  works  freely  in  a  socket  of  the  same 
metal,  wedged  in  the  tuyere-hole  of  the  water-jacket.  In  other  words,  the  tuyere  works 
in  a  ball-and-socket  joint.  To  stop  the  blast  in  any  point  of  the  furnace  or  to  observe 
what  is  going  on  there,  the  elbow  is  lifted,  as  indicated  in  Fig.  1.  The  tuyeres  are  con- 
nected, as  usual,  with  the  blast-pipes  by  means  of  canvas  wind-bags  K.  When  the 
blast  is  turned  off  for  the  purpose  of  barring  down  the  accretions  of  the  furnace  or 
clearing  the  hearth  of  accretions,  a  piece  of  paper  is  inserted  between  the  flanges  r,  and 
should  back  flow  of  gases  exert  any  pressure  in  the  furnace  thfe  piece  of  paper  would 
burst,  the  elbow  of  the  tuyere  be  lifted,  and  the  tuyere  would  thus  act  as  a  safety - 
valv*.  But  this  accident,  so  far  as  known,  has  never  occurred  in  Leadville. 

The  normal  pressure  of  blast  used  at  these  works  is  seven-eighths  of  an  inch 
nu-rcury.  The  crucible  of  the  furnace  is  provided  with  a  projecting  fore-hearth  and 
lead  siphon-tap  and  is  lined  with  fire-brick. 

Dust-chambers — The  apparatus  devised  for  the  condensation  of  lead  fumes  at 
smelter  F  is  the  most  elaborate  of  its  kind  used  in  Leadville,  and  is  certainly  the  most 
efficient.  Each  furnace  is  connected  with  a  separate  condenser,  placed  above  the 
feeding  floor,  and  is  identical  with  the  one  shown  in  side  and  front  elevation,  Plate 
XXXIV. 
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TLe  chimney  of  the  furnace  A  is  connected  by  means  of  the  angular  sheet-irou 
flue  F'  F",  which  projects  above  the  roof  V  of  the  building,  with  the  lozenge-shaped 
sheet-iron  chamber  M.  The  fumes  strike  against  the  sheet-iron  apron  J,  hinged  to  the 
upper  part  of  the  chamber,  which  may  be  also  used  to  regulate  the  draft  by  means  of 
a  chain  which  passes  through  the  wall  of  the  chamber.  After  leaving  the  chamber  3f, 
Fig.  1,  the  fumes  circulate  through  the  sheet-iron  flue  0,  and  then  escape  through  the 
sheet-irou  stack  F. 

In  close  proximity  to  the  wall  of  the  furnace,  the  flue  F'  is  provided  with  a 
sheet-iron  branch,  (7,  through  which  the  flue-dust  falls  into  the  wooden  box  JB,  from 
which  it  is  extracted  at  the  door  d.  Flues  F',  F"  are  provided  with  sliding  doors,  not 
seen  in  the  sketch,  for  clearing  them  of  their  dust.  The  chamber  M  has  also  a  large 
sliding  door,  D.  This  chamber,  as  well  as  the  horizontal  flue  0  and  the  stack  F,  are 
cleared  of  their  dust  through  the  branches  C,  provided  with  sliding  valves  t.  The 
principle  of  ascending  flues  is  in  itself  excellent,  and  the  smoke  which  comes  out  at 
the  stack  is  remarkably  free  from  lead  fumes.  About  ten  tons  of  flue-dust  is  collected 
monthly  in  each  of  these  chambers.  The  dust  is  mixed  with  milk  of  lime,  the  mixture 
spread  over  ore-beds,  and  then  resmelted. 

Smelter  F  is  the  only  one  in  Leadville  where  a  little  metallic  iron  (old  horse- 
shoes) is  added  to  the  usual  smelting  charges  wheu  they  contain  more  than  a  certain 
percentage  of  galena.  The  smelting  campaigns  have  an  average  length  of  nine  weeks. 
The  furnaces  are  provided,  as  usual,  with  large  hoods  in  front,  above  the  slag-gutter. 

SMELTER  G. 

Disposition  of  works —  This  important  smelter  is  situated  on  the  northern  bank  of 
California  gulch,  and,  like  all  the  smelters  situated  on  this  gulch,  is  divided  into  several 
levels  communicating  with  the  upper  and  lower  roads.  One  of  the  main  features  at 
these  works  is  that  the  fuel  storage,  which  is  placed  at  the  back  of  the  works,  is  nearly 
on  a  level  with  the  upper  part  of  the  stacks  of  the  furnace  and  is  connected  with  the 
furnaces  by  ail  elevated  trestle-work  having  two  branches,  the  one  leading  to  the 
furnaces  the  other  to  the  boiler-room.  The  fuel  is  transported  in  light  sheet-iron 
mine  cars,  running  on  a  light  iron  tramway,  and  dumped  into  chutes  adjoining  the 
feed-holes  of  the  furnaces  and  the  boiler.  In  the  boiler-room  a  saving  of  50  per  cent, 
of  the  wood  burned  is  effected  by  using  the  screenings  of  the  fuel,  which  are  usually 
wasted.  A  great  saving  of  labor  also  results,  since  two  fuel  men  are  sufficient  to  sup- 
ply all  the  fuel  nodded.  In  principle  this  arrangement  is  similar  to  the  one  adopted 
a,t  smelter  A.  The  charcoal  sheds  have  an  area  of  30  by  325  feet  and  35  by  100 
feet,  respectively,  and  hold  about  two  hundred  thousand  bushels  of  charcoal.  Coke 
is  stored  in  sheds  and  bins  of  500  tons  capacity.  The  main  smelting  building  is 
SCO  by  110  feet,  and  the  ore-room,  placed  on  one  side  of  the  main  building,  is  GO 
by  210  feet.  The  storage  capacity  of  this  room,  through  which  a  wagon-road  runs,  is 
7,000  tons  of  ore.  The  large  dimensions  of  this  room  allow  the  preparation  of  numer- 
ous ore-beds,  which  insures  great  regularity  in  smelting.  The  offices,  laboratory,  Fair- 
bauks  scales,  staff-houses,  and  22  dwelling-houses  for  the  workmen  and  their  families, 
are  distributed  around  the  works.  Particular  attention  is  paid  to  the  welfare  of  work- 
men, who  are  entitled  to  free  medical  attendance  at  the  hospital,  and  for  whom  a  bath- 
room and  a  reading  and  recreation  room  have  been  constructed. 
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Two  boilers,  40  inches  by  16  feet,  worked  at  a  pressure  of  60  pounds  to  the  square 
incb,  supply  .1  70-horse  power  engine  (cylinder  14  by  24  inches),  and  a  second  engine 
of  50  horse-power,  with  its  boilers,  is  kept  ready  for  use  in  case  of  need.  This  engine 
was  the  one  formerly  used  at  these  works  before  they  had  attained  their  present  smelt- 
ing capacity. 

The  70  horse-power  engine  drives  three  Baker  blowers,  one  Root  blower,  two 
large  Blake  crushers,  a  set  of  Cornish  rolls,  and  a  slag-hoisting  machine.  The  furnace- 
rooin  is  120  by  40  feet,  and  contains  four  furnaces,  smelting  about  one  hundred  and 
twenty  tons  of  ore  in  twenty-four  hours.  The  ventilation  of  this  room  will  be  shown 
in  the  description  of  the  dust-chambers.  The  slag-heap  is  connected  with  the  feeding- 
floor  by  an  inclined  plane  hoisting-machine,  similar  to  the  one  used  at  smelter  B,  and 
used  also  to  carry  the  slag  up  to  be  resmelted. 

Furnaces — Smelter  G  has  three  furnaces  of  equal  shape  and  dimensions,  similar 
to  the  one  shown  in  front  elevation  (Fig.  1,  Plate  XXXV),  and  one  larger  furnace,  shown 
in  Fig.  2,  Plate  XXXV.  Although  built  on  the  same  general  principles  as  the  other 
furnaces  of  the  camp,  they  offer  a  few  interesting  peculiarities  in  construction.  The 
small  furnaces  are  square  (3  by  4  feet  at  the  tuyeres),  and  their  cast-iron  pillars 
rest  on  the  fire-brick  lining  of  the  crucible.  The  water-jackets  B  are  made  of  riveted 
boiler-plates  and  are  only  four  in  number.  Each  side  jacket  is  provided  with  two 
tuyere  holes  and  the  back  jacket  with  one ;  but  the  furnace  is  worked  with  the  four 
side  tuyeres  only. 

The  main  cast-iron  plate  support  has  a  broad  vertical  flange,  0,  which  confines 
the  base  of  the  outer  walls  €'  of  the  furnace,  shaft,  the  shaft  itself  being,  as  usual,  lined 
with  fire-bricks ;  the  outer  wall  is  made  of  red  brick,  braced  at  Q. 

These  furnaces  are  fed  through  a  single  feed-hole  placed  at  the  back  of  each, 
and  provided  with  iiheet-iron  sliding  doors.  The  whole  portion  of  the  furnace  com- 
prised between  the  feeding-floor  and  the  damper  of  the  stack  is  surrounded  by  a  sheet- 
iron  jacket,  J'. 

The  crucible  of  the  furnace  is  framed  in  strong  cast-iron  plates,  and  the  frame  of 
the  siphon-tap,  lined  with  steep,  is  made  of  strong  sheet  iron.  The  smelting  capacity 
of  each  of  these  furnaces  is  26  to  28  tons  of  ore  per  twenty  four  hours,  and  the  length 
of  runs  is  about  118  days. 

The  large  furnace  represented  in  Fig.  2  is  the  only  one  of  its  kind  used  in  Lead- 
ville.  The  lead  siphon  tap  L  is  placed  in  front  of  the  furnace,  and  on  each  side  of  the 
furnace  there  are  a  fore  hearth,  i'',  and  a  slag-spout,  U,  alternately  used  for  the  tapping 
of  slag.  In  B'  are  seen  the  slag-pots,  mounted  on  wheels. 

The  water  jacket  system  is  formed  of  four  large  water  jackets  made  of  riveted 
boiler-plates.  The  front  and  back  jackets  are  each  provided  with  four  tuyere-holes, 
but  the  furnace  is  worked  with  only  six  tuyeres.  The  dimensions  at  the  tuyeres  are  3 
by  5  feet.  The  main  cast  iron  plate  support  has  a  broad,  vertical  flange,  0,  incasing 
the  base  of  the  masoniy. 

The  furnace  is  fed  from  two  feed-holes,  ff,  opened  or  closed  by  sheet  iron  sliding 
doors.  The  feed-holes  are  placed  in  the  side  walls  of  this  furnace,  which  correspond 
to  the  front  and  back  walls  of  other  furnaces.  The  pressure  of  blast  used  at  smelter 
G  varies  from  five-eighths  of  an  inch  to  ten  eighths  of  an  inch  of  mercury.  The  capac- 
ity of  the  large  Raschette  furnace,  which  has  just  been  described,  is  38  to  40  tons  of  01  e 
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per  twenty-four  hours.  The  manipulations  of  either  furnace  do  not  differ  from  those 
in  use  at  other  smelters.  The  shovels  used  are  represented  in  Figs.  2  and  3,  Plate 
XLIV,  and  the  bars  of  bullion  in  Figs.  5  and  6,  Plate  XLV. 

Dust-chambers  and  ventilation lu    Fig.   1,  Plate   XXX VJ,  JS    shown    the    general 

system  of  condensation  of  lead  fumes  and  of  ventilation  of  the  furnace-room.  The  ven- 
tilators V  V"  V"  consist  of  large  rectangular  sheet-iron  chimneys  resting  on  the  brick 
dust-chambers  D'  D"J)'".  They  are  open  at  their  base  on  the  side  towards  the  furnaces 
to  allow  hot  air  to  escape  through  them.  Besides  the  ventilators  each  furnace  is  pro- 
vided with  a  hood  and  chimney  in  front  of  the  furnace  towards  the  slag-gutters. 

Furnace  A  is  connected  by  means  of  sheet-iron  flue -F'  with  chamber  D',  divided 
into  three  sections,  a,  b,  c,  by  means  of  partition  walls  «•,  and  the  smoke  escapes  through 
the  sheet-iron  stack  8. 

Furnace  B  is  similarly  connected  through  flue  F"  with  chamber  D",  divided  into 
three  sections,  «',  b',  c',  by  means  of  walls  ic',  the  smoke  escaping  through  sheet-iron 
stack  8." 

Furnace  G  is  connected  by  means  of  sheet-iron  flue  F"'  with  a  brick  chamber,  d', 
8  feet  high  and  11  by  11  feet  at  base,  resting  on  the  feeding-floor  P'  P'.  This  chamber 
has  an  independent  sheet-iron  stack,  S'. 

Furnace  -D  communicates  by  means  of  sheet-iron  flue  F'"  with  chamber  ])'", 
divided  into  two  sections  a",  b",  and  the  fumes  circulate  through  the  brick  flue  C", 
25  feet  long,  and  then  ascend  the  square  brick  stack  8'".  Each  section  of  the  dust- 
chambers  is  provided  with  sliding  doois  d,  for  the  extraction  of  the  dust;  those  of 
sections  e'  and  a"  of  chambers  D"  and  I)'"  are  in  the  arch-way  0. 

At  smelter  G  flue-dust  is  mixed  with  argillaceous  ores  and  resmelte'd. 

Smelting  charges — The  following  figures  show  the  smelting  performed  by  the  three 
small  furnaces  at  smelter  G  from  the  14th  of  June,  1879,  to  the  1st  of  January,  1880: 

Ore  smelted,  24,094,177  pounds  =  12,047  tons,  assaying  73-$  ounces  silver;  lead,  22  per  cent. 

Dolomite,         1,521,085  pounds  =   6.31  per  cent,  of  ore  smelted. 

Hematite,         2,872,5:55  pounds  =.  11.92  per  cent,  of  ore  smelted. 

Coke,  1,985,110  i>oniHls=    8.25  per  cent,  of  ore  smelted  >  Fuel  =  24.5    per    cent,    of  ore 

Charcoal,         3,916,287  pounds  =  16.25  per  cent,  of  ore  smelted  5     smelted. 

The  contents  were:  Silver,  885,454  ounces ;  lead,  5,300,719  pounds.  The  products 
amounted  to:  Silver,  806,060  ounces  ;  lead,  4,469,823  pounds. 

The  loss  in  silver  was  2.12  per  cent,  and  in  lead  15.67  per  cent. 
The  average  price  paid  per  ton  of  ore  was  $66.15. 
The  bullion  produced  each  day,  12^  tons. 

SMELTER  H. 

Disposition  of  works — Smelter  H  is  the  most  important  smelter  of  Big  Evans  gulch. 
These  works  are  in  close  proximity  to  the  important  mines  of  Fryer  Hill,  and  the  ores 
they  receive  comprise  some  of  the  richest  in  lead,  gold,  and  silver.  The  bullion  extracted 
there  is  also  generally  very  rich  in  silver.  The  works  are  provided  with  a  laboratory, 
in  which  the  ores  are  assayed,  chiefly  by  scorificatiou,  but  some  mines  require  also  the 
crucible  assay.  The  crucible  assays  of  ore  for  silver  and  of  ores  and  slags  for  lead  are 
made  only  with  reducing  flux,  and  no  iron  rods  are  used  for  the  reduction  of  sulphurcts 
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and  arseniurets.  The  assays  for  iron  aud  gangne  are  made  as  usual,  although  the 
solutions  of  ores  are  not  evaporated  to  recover  soluble  silica  and  the  estimation  of 
moisture  is  made  in  a  very  rough  way. 

The  specific  gravity  of  slag  is  taken  from  day  to  day  for  each  furnace  by  means 
of  the  Jolly  specific-gravity  balance,  already  described,  which  is  figured  in  Plate 
XXXVIII.  This  operation  is  of  no  more  advantage  at  smelter  H  than  at  smelter  B, 
and  here,  as  there,  the  slags  thrown  away  are  the  richest  of  the  camp,  both  in  lead  aud 
silver. 

The  ore-beds  are  made  to  contain  equal  parts  of  iron  and  gangue,  and  the  slags 
thus  formed  are  slightly  acid.  This  plan,  which  is  recommended  in  Leadville,  and 
which  is  gaining  the  confidence  of  smelters,  should  be  condemned  theoretically,  aud 
practice  proves  that  theory  is  correct.  It  results,  from  the  examination  of  slags  made 
•in  the  laboratory  of  the  Survey,  that  the  so-called  acid  slags  are  richer  in  lead  aud 
silver  than  the  more  basic  ones.  But  the  chief  defect  of  this  plan  is  that  an  insufficient 
quantity  of  iron  is  reduced,  aud  that  very  large  quantities  of  sulphuret  accretions  and 
unreduced  galena  are  formed,  interfering  seriously  with  the  working  of  the  furnace, 
lu  the  opinion  of  the  writer  the  center  of  gravity  of  smelting  operations,  so  to  speak, 
should  be  periodically  displaced,  and  alternate  acid  and  basic  charges  should  be  used, 
for  the  inconveniences  inherent  in  the  use  of  these  mixtures  are  precisely  of  an  oppo- 
site character  aud  calculated  to  counterbalance  or  destroy  each  other.  At  smelters  C 
aud  G,  where  smelting  is  conducted  on  scientific  principles,  the  mixtures  are  carefully 
made  to  correspond  tosingulo-silicate  slags,  which  might  be  called  neutral,  so  that  the 
final  result  is  the  same  as  the  one  proposed. 

The  quantity  of  matte  formed  at  smelter  H  is  about  20  pounds  per  ton  of  ore,  or 
1  per  cent.  These  mattes  are  roasted  in  heaps  and  resmelted;  but  it  will  be  seen  that 
this  mode  of  treatment  is  bad,  and  that  much  silver  is  lost  during  (he  roasting. 

The  method  of  bullion  assay,  which  is  the  one  in  general  use  in  Leadville,  is  as 
follows :  ' 

At  smelter  H  two  assay  bits  of  lead  (one  from  the  top  and  one  from  the  bottom 
of  each  bar)  are  detached  from  each  bar  composing  a  car-load  by  the  chisel  represented 
in  Fig.  12,  Plate  XLIV.  By  hammering  in  different  directions  triangular  bits  of  lead 
are  detached,  such  as  are  represented  in  Fig.  13.  All  the  bits  representing  the  car- 
load are  melted  together  under  live  charcoal  in  a  plumbago  pot.  The  charcoal  is  then 
removed  and  the  lead  is  skimmed  by  means  of  a  small  perforated  ladle,  and  then 
poured  into  a  bar-mold.  A  bar  about  one  inch  thick  is  thus  obtained  (see  Fig.  7,  Plate 
XLV),  from  which  three  or  four  assay  bits  are  detached  at  a  by  means  of  an  ordinary 
chisel  and  hammer.  Half  an  assay  ton  is  weighed  from  each  bit,  and  the  assay  is 
made,  as  usual,  by  cupellation. 

The  offices,  laboratory,  and  Fairbanks  scales  occupy  a  detached  building  at  the 
entrance  and  rear  of  the  works,  and  fuel  is  placed  on  the  same  level  in  the  open  space 
at  the  back  of  the  main  smelting  building.  The  ore-bins  are  all  placed  within  the 
building  on  the  feeding-floor  level,  through  which  runs  a  wagon  road  for  the  distribu- 
tion of  ore  from  wagons. 

On  the  left  of  the  furnace-room  (facing  the  furnace)  is  the  engine  and  blast  room. 
Two  boilers,  worked  at  a  pressure  of  80  pounds  to  the  square  inch,  supply  a  powerful 
engine  of  100  horse-power,  which  drives  four  Baker  blowers,  one  Blake  crusher,  one 
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set  of  Cornish  rolls,  and  the  pump.  The  works  are  also  provided  with  a  small  me- 
chanics' shop.  The  slag-heap  at  this  as  well  as  at  all  the  smelters  on  Big  Evans  gulch 
encroaches  on  the  bed  of  the  creek.  The  smelting  capacity  of  the  works  is  about 
sixty-five  tons  of  ore  per  twenty-four  hours. 

Furnaces — At  smelter  H  there  are  three  furnaces  of  the  Piltz  pattern,  constructed 
by  Messrs.  Fraser  &  Chalmers,  of  Chicago.  These  furnaces,  which  have  already  been 
described  in  the  general  description  of  the  furnaces,  and  which  are  also  successfully 
at  work  at  smelter  B,  are  represented  in  perspective  view,  Fig.  1,  Plate  XXXVII. 
This  sketch  was  drawn  for  the  purpose  of  giving  a  correct  idea  of  the  general  appear- 
ance of  these  furnaces,  which  cannot  be  obtained  at  a  glance  from  the  elevation  and 
section  alone.  In  this  sketch  the  crucible  A,  with  its  frame  of  cast-iron  plates,  as  well 
as  the  frame  of  the  lead  siphon-tap  L  and  of  the  fore  hearth  X',  is  clearly  seen.  The 
cast-iron  pillars  P,  with  their  capitals  and  brackets  and  the 'two  slag-gutters  V,  are 
visible.  Likewise  the  riveted  wrought-iron  boiler-plate  water-jackets  -B,  the  fire-brick 
breast  V,  and  the  tymp-stone  and  tap-hole  Z.  The  main  cast-iron  support  0,  with  its 
vertical  flange  0',  supported  by  the  brackets  r,  the  induction -pipe  J,  and  the  wrought- 
iron  casing  J'  around  the  masonry,  are  also  visible. 

The  same  furnaces  are  represented  in  vertical  section  in  Fig.  2,  Plate  XXXVII, 
showing  the  steep-lining  of  the  hearth  and  fore  hearth  X1,  the  siphon  L',  the  space  &, 
between  the  water  jackets  and  the  masonry,  filled  with  fire-brick,  and  the  fire-brick 
lining  C'  of  the  furnace. 

Fig.  2  shows  also  the  arrangement  adopted  at  smelter  H  for  the  tapping  of  slag. 
The  slag  runs  into  a  cast-iron  slag-pot,  V,  provided  with  a  spout,  U',  and  live  charcoal 
in  large  pieces  is  kept  over  the  molten  slag  to  prevent  it  from  cooling.  Any  bullion 
mechanically  carried  away  fall  sat  the  bottom  of  the  pot  V,  which  is  cleared  of  its  con- 
tents from  time  to  time.  The  slag  thus  freed  from  bullion  runs  into  the  ordinary  slag- 
pot  J3',  mounted  on  wheels. 

This  arrangement  is  evidently  excellent,  but  is  only  necessitated  by  some  defect 
in  the  lining  of  the  dam,  for  in  well-lined  furnaces  no  bullion  can  escape,  thus  render- 
ing the  use  of  an  intermediate  slag-pot  unnecessary;  this  is  proved  by  the  fact  that 
slags  never  contain  any  metallic  grains,  no  matter  from  what  part  of  the  cake  the 
specimen  is  taken. 

Fig.  2  shows  also  the  connection,  by  means  of  the  sheet-iron  flue  F'  of  the  chim- 
ney B,  of  the  furnace  with  the  sheet-iron  chamber  J)',  resting  on  the  feeding-floor  P', 
used  to  catch  lead-dust.  At  d'  is  seen  one  of  the  doors  of  this  chamber,  through  which 
the  dust  is  extracted.  The  small  furnaces  which  have  just  been  described  are  worked 
with  six  tuyeres,  2£  inches  at  the  nofczle,  and  their  smelting  capacity  is  16  to  18  tons  of 
ore  per  twenty -four  hours  for  each  furnace. 

Besides  the  three  Piltz  furnaces,  smelter  Hhas  a  large  Easchette  furnace,  which 
was  formerly  ruu  at  smelter  L.  The  smelting  capacity  of  this  furnace  is  25  tons  of  ore 
in  twenty-four  hours.  The  internal  dimensions  of  the  crucible  are  5  by  3  feet.  The 
hearth  is  lined  with  steep  and  the  furnace  is  supported  ou  four  cast-iron  pillars,  like  the 
square  furnaces  of  similar  construction  already  described.  The  water-jacket  system  is 
rather  complicated  and  is  formed  of  one  front  and  one  back  jacket,  made  of  wronght-iron 
riveted  boiler-plates,  with  five  cast-iron  water-jackets  on  each  side.  This  plan,  as  has 
been  observed  before,  is  not  good,  and  at  the  time  this  report  was  made  the  water- 
jacket  system  was  under  repair.  The  difference  of  dilation  of  the  two  metals  is  always 
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a  source  of  trouble  and  tbe  plan  should  be  condemned  altogether.  The  furnace  is 
worked  with  nine  tuyeres,  3  inches  in  diameter  at  the  nozzle,  inserted,  as  usual,  in  the 
water-jackets;  one  of  the  tuyeres  is  placed  in  the  back  jacket  and  four  on  each  side. 

Each  jacket  is  not  only  provided  with  inlet  and  outlet  pipes  for  the  circulation  of 
water,  but  a  general  circulation  has  been  established  between  all  the  jackets  by  means 
of  pipes  screwed  into  them  at  the  base  and  communicating  with  one  another. 

Dust-chambers.  — The  system  of  condensation  of  lead  fumes  adopted  at  this  smelter 
is  poor,  and  "leading"  is  consequently  of  frequent  occurrence.  The  four  furnaces 
are  connected  by  means  of  the  sheet  iron  flues  F[  Fil  FM  Fiv  with  the  sheet-iron 
chamber  M,  connected  by  means  of  the  brick  flue  N  with  the  stack  F  (in  Fig.  1,  Plate 
XXXV11I).  The  sheet-iron  chamber  has  already  been  seen  in  transverse  elevation 
(Fig.  U,  Plate  XXXVII).  Neither  chamber  M  nor  N  is  divided  into  sections,  so  that 
the  condensation  of  fumes  is  very  imperfect.  Both  chambers  are  provided,  as  usual, 
with  sliding  doors  d  for  the  extraction  of  the  dust. 

At  smelter  II,  flue-dust  is  mixed  with  liiberuia  ore  (an  argillaceous  ore  contain- 
ing no  lead)  and  introduced  afterwards  into  the  composition  of  ore-beds. 

SMELTEH  I. 

Smelter  1  is  erected  on  the  northern  bank  of  California  gulch,  in  a  situation  so 
similar  to  that  of  smelter  C  that  the  general  description  of  the  latter  applies  word  for 
word  to  these  works.  The  only  peculiarity  at  Smelter  I  is  that  the  furnace  and  feed- 
ing-floor levels  are  connected  by  a  vertical  elevator  used  for  hoisting  slags  to  be 
resmelted.  This  elevator  is  placed  in  the  main  building.  Tbe  boilers  are  worked  at 
a  pressure  of  70  pounds  to  the  square  inch.  The  machinery  consists  of  a  GO  horse- 
power engine,  two  Baker  blowers,  one  Blake  crusher,  and  the  pump. 

The  slag-pots  are  independent  of  the  cars  and  are  identical  with  those  which 
have  been  described  at  smelter  A.  The  smelting  plant  consists  of  two  Piltz  furnaces, 
identical  in  capacity,  shape,  and  dimensions,  and  constructed  by  Messrs.  Fraser  & 
Chalmers.  These  furnaces  are  similar  to  furnaces  of  the  same  pattern  used  at  smelt- 
ers B  and  H,  but  have  only  one  slag  spout.  The  water-jackets  B  also  are  made  in 
but  two  sections,  and  the  frame  of  the  crucible  of  four  cast  iron  plates,  segments  of  a 
circle.  One  of  these  furnaces  is  shown  in  elevation  in  Fig.  2,  Plate  XLV.  It  may  be 
seen  that  each  Baker  blower,  W,  is  in  direct  communication  with  the  induction -pipe  I, 
the  general  system  of  connecting  all  the  blowers  with  a  main  blast-pipe  not  being  in 
use  here. 

The  system  of  condensation  of  lead  fumes  consists  of  a  sheet-iron  box,  D7,  8 
by  8  feet,  and  10  feet  high,  provided  with  a  sheet-iron  stack,  F.  Each  furnace  is  con- 
nected by  means  of  a  sheet-iron  flue,  F',  with  a  similar  chamber,  from  which  the  dust 
is  extracted  through  hinged  doors  d'.  The  amount  of  flue  dust  caught  in  both  cham- 
bers is  about  5  tons  per  week.  The  dust  is  mixed  with  milk  of  lime,  the  mixture  is 
dried  and  then  resmelted  gradually  with  the  smelting  charge. 

The  smelting  capacity  of  the  works  is  about  40  tons  per  twenty-four  hours. 

SMELTER  J. 

Smelter  J  is  a  well-constructed  smelter  standing  on  the  southwestern  bank  of 
Big  Evans  gulch,  and  is  disposed  exactly  iike  smelter  H,  with  this  difference,  that  the 
offices  and  laboratory  stand  on  one  side  of  the  main  smelting  building  instead  of  beirg 
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placed  iu  the  rear  of  the  works.  The  works  had  ceased  running  at  the  time  this  report 
was  made,  but  they  deserve  a  description  chiefly  on  account  of  the  well-constructed 
brick  dust-chainber  with  which  the  furnaces  are  connected. 

The  smelting  plant  consists  of  one  Piltz  furnace,  worked  with  six  Inheres,  and 
constructed  by  Messrs.  Fraser  &  Chalmers.  The  diameter  at  the  base  of  the  water- 
jacket  is  40  inches,  and  the  furnace  is  similar  in  every  respect  to  the  Piltz  furnaces  used 
at  other  smelters.  Besides  the  Piltz  furnace  there  is  a  Easchette  furnace,  charged 
through  two  feed-holes,  and  almost  identical  in  proportion  and  capacity  with  the  Ea- 
schette furnace  used  at  smelter  H.  The  water-jackets,  all  made  of  cast  iron,  are 
thirteen  in  number:  one  in  front,  two  at  the  back,  and  five  on  each  side.  The  internal 
dimensions  at  the  tuyeres  are  5  by  3  feet  and  the  furnace  is  worked  with  nine  tuyeres. 

Both  furnaces  are  connected  with  a  dust-chamber  placed  immediately  below  the 
feeding-floor.  This  chamber  is  built  entirely  of  red  brick. 

The  plan  of  this  chamber  is  given  in  Fig.  2,  Plate  XL,  showing  the  brick  cham- 
ber D',  the  brick  flues  N  N',  communicating  with  the  sheet-iron  stack  F.  In  this  plan 
A  represents  the  Piltz  furnace  and  B  the  Easchette  furnace.  The  same  chamber  is 
represented  in  elevation  in  Fig.  1.  The  two  sliding  doors  through  which  dust  is 
cleared  away  are  placed  at  d.  The  capacity  of  the  works  is  40  tons  per  twenty -four 
hours.  The  machinery  consists  of  a  50  horse-power  engine,  two  Baker  blowers,  one 
Blake  crusher,  and  one  set  of  Cornish  rolls.  The  charges  are  weighed,  as  at  all  the 
other  smelters,  on  scales  placed  on  the  feeding  floor.  The  slag-pots  used  are  mounted 

on  wheels. 

SMELTER  K. 

Smelter  K  is  the  smallest  smelter  of  Big  Evans  gulch,  and  has  only  one  furnace, 
which  was  not  running  at  the  time  this  report  was  made.  These  works  are,  on  a  min- 
iature scale,  disposed  exactly  like  smelters  H  and  J,  and  they  have  this  point  in  com- 
mon with  smelter  H,  that  intermediate  slag-pots  are  used  for  catching  any  bullion 
mechanically  carried  away.  The  furnace  is  a  Piltz  pattern  furnace  40  inches  iu  diam- 
eter at  the  base  of  the  water-jackets,  and  worked  with  six  tuyeres,  2J  inches  in  diameter 
ait  the  nozzle.  The  capacity  of  the  works  is  18  to  20  tons  per  twenty-four  hours. 
This  smelter  affords  an  opportunity  for  showing  the  plant  and  manual  labor  required 
to  work  one  furnace.  At  these  works  the  manual  labor  was  represented  by — 


Pay  per 
diem. 

Length  of  i 
shift. 

$5  00 

Hours. 
12 

4  00 

12 

2  feeders  

3  00 

12 

3  00 

12 

3  00 

12 

2  50 

10 

4  staff  officers  

The  plant,  supplied  by  Messrs.  Fraser  &  Chalmers,  of  Chicago,  consists  of — 
One  Piltz  furnace,  40  inches  diameter  at  the  water-jackets. 
One  tubular  steam-boiler,  48  inches  in  diameter  and  14  feet  long.     (This  boiler  is 
sufficient  for  two  furnaces.) 
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One  stationary  steam  engine  (cylinder  12  by  18  inches). 

One  No.  5  Baker  blower,  with  mercury  gauge. 

One  complete  set  of  blast  and  induction  pipes,  with  hose  and  tuyeres 

One  Blake  crusher  (opening  between  the  jaws,  10  by  7  inches). 

One  set  of  Cornish  rolls,  16  by  10  inches. 

Eight  slag-pots,  mounted  ou  wheels  or  on  independent  cars. 

Six  lead-ladles. 

Eighteen  lead-molds,  with  name  of  smelting  firm  at  bottom,  for  branding  bullion. 

Two  No.  4£  sheet-iron  mining-barrows  for  fuel. 

Thirty-five  steel  furnace-bars,  from  f  inch  to  1J  inches. 

To  this  must  be  added  either  a  sheet-iron  dust-chamber,  8  by  8  by  10  feet,  con- 
structed by  Messrs.  Eraser  &  Chalmers,  or  else  a  convenient  brick  chamber  placed 
under  the  feeding  floor;  a  10-ton  Fairbanks  platform  scale,  and  several  ore-barrows, 
shovels,  etc.,  and  a  water-tank  for  feeding  the  water-jackets  of  the  furnace. 

SMELTER  L. 

Smelter  L  is  the  Little  Chief  smelter  which  stood  on  Fryer  Hill,  above  the  Little 
Chief  mine,  and  which  has  been  pulled  down,  owing  to  the  sinking  of  the  ground  upon 
which  it  was  erected.  The  Little  Chief  smelter  ran  only  on  Little  Chief  ore,  and  its 
ore-room  was  connected  with  the  shaft  of  the  mine  by  a  railroad  track,  upon  which 
the  loaded  mine-cars  were  run. 

The  capacity  of  smelter  L  in  tons  of  ore  per  twenty-four  hours  was  35  tons,  which 
were  smelted  with  dolomite  and  hematite  in  the  Raschette  furnace  now  at  work  at 
smelter  H.  More  sows  were  found  at  this  smelter  than  at  any  other,  showing  that  the 
slags  were  basic. 

During  the  year  ending  June  1,  1880,  5,500  tons  of  ore  were  smelted,  producing 
760  tons  of  bullion.  The  plant  consisted  of  a  40  horse-power  engine  (cylinder,  16  by 
24  inches)  and  a  boiler,  48  inches  by  14  feet,  constructed  by  Messrs.  Fraser  &  Chalmers ; 
one  No.  5  Baker  blower;  one  Blake  crusher,  15  by  9  inches  between  the  jaws;  and  the 
furnace  previously  described.  The  slags  at  this  smelter  are  remarkable  for  the  ab- 
sence of  titanic  acid. 

SMELTEK  M. 

These  works,  the  first  that  were  erected  in  Leadville,  were  being  pulled  down  at 
the  time  this  report  was  made.  They  were  situated  immediately  outside  of  the  city 
of  Leadville,  at  the  junction  of  the  upper  and  lower  district  roads  of  California  gulch. 
The  allotted  space  for  the  slag-heap  between  the  works  and  the  lower  road  was  soon 
filled  up,  and  the  slags  had  to  be  wheeled  up  at  the  back  of  the  works  on  a  level  with 
the  feeding-floor.  These  slags  are  unlike  any  other  produced  in  or  near  Leadville. 
They  are  coarse-grained,  with  a  dull  fracture,  extremely  dense,  and  contain  an  enor- 
mous quantity  of  lead  and  silver. 

An  opportunity  was  afforded  of  assaying  a  few  of  the  ores  which  were  in  the 
bins  after  this  smelter  ceased  running.  Their  contents  in  lead  and  silver  were  as  fol- 
lows: 

Lead per  cent..  13.9  8.7  0.9  20.8 

Silver..   ..ounces..  34.9  00.25  70.4  45.5 
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Smelter  M  bad  but  one  square  furnace,  of  the  Baschette  pattern,  entirely  sheathed 
in  an  iron  jacket.  The  water-jacket  system  was  formed  of  four  wrought-iron  riveted- 
plate  jackets,  provided  with  seven  tuyere-holes.  The  lining  of  the  crucible  was  made 
of  steep.  The  dimensions  at  the  tuyere  were  5  by  2  feet.  In  Fig.  2,  Plate  XXXIII, 
is  seen  the  peculiar  dust-chamber  which  was  used  at  this  smelter.  The  stack  E  of  the 
furnace  was  connected  by  means  of  the  sheet-iron  flue  F  with  the  cylindrical  sheet- 
iron  chamber  D',  placed  high  above  the  feeding-floor  and  outside  of  the  main  build- 
ing. This  chamber  was  provided  with  a  stack  F,  and  the  fumes  were  compelled  to  cir- 
culate by  means  of  the  two  sheet-iron  cones  u  y  z,  suspended  to  the  stack  F  by  means 
of  a  chain  a  y.  The  chamber  was  provided  with  a  sliding  valve  S,  for  the  extraction 
of  the  dust,  which  fell  through  the  pipe  z  into  a  wooden  box,  placed  on  a  level  with  the 
feeding-floor. 

The  smelting  capacity  of  the  works  was  30  tons  of  ore  per  twenty-four  hours. 

SMELTER  N. 

Smelter  N",  situated  in  Malta,  at  the  end  of  California  gulch,  was  the  first  smelter 
erected  in  Lake  County,  and  was  built  in  1875.  This  smelter,  which  was  not  running 
at  the  time  this  report  was  made,  has  been  started  anew.  The  works  are  divided 
into  several  levels.  The  well  from  which  the  water  was  pumped  into  the  water-jackets 
of  the  furnace  stands  in  the  furnace-room.  The  furnace,  the  only  one  used  at  these 
works,  has  the  same  shape  and  capacity  as  the  furnace  described  at  smelter  M,  and 
is  also  entirely  sheathed  in  an  iron  jacket. 

The  engine  is  of  30  horse-power,  driving  one  No.  4  Baker  blower,  one  Blake 
crusher  (10  by  7  feet),  and  the  pumps. 

Eighteen  men  and  four  officers  are  in  charge  of  the  works. 

Smelter  N  is  placed  a  few  yards  from  the  Denver  and  Eio  Grande  Eailroad  track, 
and  is  connected  with  it  by  a  siding. 

SMELTER  O. 

This  smelter  is  also  situated  in  Malta,  at  the  end  of  California  gulch,  and  a  short 
distance  south  of  smelter  N. 

Smelter  O  has  two  furnaces  of  the  Piltz  pattern,  oval  in  shape  and  similar  to 
the  oval  furnace  used  at  smelter  E.  These  works  have  long  since  ceased  running. 

SMELTER  P. 

Smelter  P  is  the  Adelaide  smelter,  which  was  situated  near  the  mine  in  Stray 
Horse  gulch,  at  the  north  end  of  Iron  Hill.  It  also  ceased  running  long  ago  for  want 
of  ore.  Its  furnace  has  since  been  purchased  and  removed,  and  is  now  running  at  one 
of  the  smelters  in  Big  Evans  gulch. 
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SECTION  IV. 
PRODUCTS  OF  SMELTING. 

BULLION. 

Sale  of  bullion — in  Leadville  bullion  is  generally  sold  to  agents  of  Eastern  re- 
fineries, who  pay  for  its  transportation  from  the  camp  to  the  East.  The  cost  of  trans- 
portation varies,  according  to  distance,  from  $27  to  $35  per  ton. 

The  price  of  lead  in  bullion  at  Leadville  has  varied  during  the  year  ending 
June  1,  1880,  from  $30  to  $78  per  ton.  The  average  price  has  been  from  $60  to  $72 
per  ton. 

Sometimes  bullion  is  paid  for  at  New  York  quotations,  with  a  deduction  of  3 
cents  per  ounce  of  silver  and  of  $14  to  $15  per  ton  of  bullion  for  the  refining  charges. 
In  other  cases,  the  refiners'  charges  are  3  ounces  of  silver  and  5  per  cent.,  or  100  pounds 
of  lead  per  ton  of  bullion. 

When  the  smelting  works  of  Leadville  are  branch  establishments  of  large  eastern 
refineries,  private  arrangements  are  made  between  the  main  works  and  its  branch. 

When  bullion  is  shipped  to  refineries  to  be  desilverized  for  account  of  the  smelting 
firm,  the  smelters  pay  for  the  transportation  of  bullion  from  the  camp  to  the  refinery. 
In  this  instance  the  agreement  between  smelters  and  refiners  is  shown  in  the  following 
model  of  bullion  invoice. 


NAME  OF  SMELTING  FIRM. 

Leadville,  Colorado. 

Invoice  of  bullion,  No 

Car  lot bars weighing Ibs.  shipped 18.J— . 

Assay  per  ton  (2,000  Ibs.) ozs.  silver.       New  York  qnotations day  shipped. 

Total  ozs.  silver,  less oza.  per  ton  in  refining ozs.,  It per  oz., 

Total  Ibs.  lead ,       less per  cent,  lost  in  refining Ibs.,        •» perlb., 

Value  of  lead  ami  silver 

Deduct  freight  to ,  $ ;  cost  of  refining  per  ton,  t 

Net  value  of  shipment 

Deduct 10%  of  net  value 

Amount  for  which  draft  may  be  made 


When  the  price  of  bullion  is  low  it  is  frequently  kept  in  reserve  in  Leadville,  in 
the  expectation  of  a  rise  in  the  New  York  price.  During  the  mouth  of  August,  1880, 
one  of  the  smelters  presented  the  imposing  sight  of  reserve  piles  of  14,625  bars  of 
bullion,  amounting  to  1,453,250  pounds,  or  716J  tons. 

The  bars  of  bullion  in  the  camp  belong  to  two  principal  types,  shown  in  Figs.  3 
and  4  and  Figs.  5  and  6,  Plate  XLV.  Their  average  weight  is  100  pounds,  so  that 
car-loads  weighing  on  an  average  20,000  pounds,  or  10  tons,  are  formed  of  200  bars.  In 
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Table  VII  will  be  found  the  weekly  production  of  the  different  smelters,  their  weekly 
or  monthly  shipments,  with  the  weight  and  average  assay  of  bullion  for  the  dates 
indicated. 

TABLE  VII. — Shipment  of  bullion. 


Smelter. 

Weekly  production. 

Weekly  or  monthly  shipments. 

Tons.    Forweekend- 

Number 
of  bars. 

Average 
weight  of 
bars. 

Total 
weight  of 
bars. 

Average 
tenor  in 
silver. 

For  week  end- 
ing — 

For  month 
of— 

24 
145 
21 
89 
15 
90 
20 
14 
22 
25 
20 
50 
30 
23 
40 

Dec.  18,1879 
Jan.     8,1880 
Dec.    4,  1879 
Jan.    8,  1880 
...do  
....do  
....do  
Dec.  18,  1879 
Jan.     8,  1880 
do  

8,125 
17,  1«0 
420 
3,990 
589 
5,300 
1,075 
218 
335 
1,045 
2,836 
3,600 
475 
470 
2,330 

Pounds. 
85 
100 
100 
100 
100 
98 
100 
102 
103 
100 
100 
100 
100 
100 
100 

Tons. 
260 
858 
21 
199} 
28J 
259 
53J 
11* 
HI 
52J 
141J 
180 
31 
23J 
lllj 

Ozs.  to  ton. 
324 
326 
205 
178 
258 
136 
218 
314 
338 
370 
443 
314 
445 
250 
297 

July,  1880 
Do. 

Do. 

Do. 
Do. 

Do. 
Do. 

Do. 

Grant                          

Dec.     4,  1879 

Dec.  25,  1879 

Malta 

Dec.  29,  1879 
....do  
....do  

Little  Chief                      

....do  
do  
....do  
Dec.  18,1879 
Jan.    8,  1880 

Dec.  29,  1879 
....do  

Raymond,  Sherman  &  McKay  — 
El'Tin    

628 

99.20 

294.4 

t 

Composition  of  bullion — The  quality  of  bullion  differs  a  good  deal  from  smelter  to 
smelter,  and  from  day  to  day  at  each  smelter,  but  the  former  difference  is  more  sensi- 
ble than  the  latter.  At  some  works  bullion  is  soft,  with  a  clear  surface;  at  others,  more 
or  less  hard,  with  a  scummy  surface.  The  difference  in  the  quality  of  bullion  is  due 
less  to  the  difference  in  composition  of  the  ores,  which  are  sensibly  the  same,  than  to 
the  care  with  which  smelting  is  carried  on.  The  same  furnaces  and  the  same  ores 
will  yield  coarse  or  partly  refined  bullion,  according  to  the  rapidity  with  which  the 
furnaces  run,  but  chiefly  according  to  the  quantity  of  iron  reduced  during  the  opera- 
tion, this  metal  being  an  excellent  refining  agent. 

The  charges  for  refining  bullion  being  greater  for  coarse  than  for  soft  metal,  it  is 
quite  evident  that  the  smelters  have  a  direct  interest  in  obtaining  from  their  furnaces 
a  metal  as  refined  as  possible.  The  best  smelting  works  of  Leadville  obtain  a  bullion 
of  very  fair  quality. 
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Analyses — The  writer  has  made  in  the  laboratory  of  the  Survey  the  two  following 
analyses  of  bullion : 

Analysis  XXII. — Specimen  of  bullion  taken  from  the  furnace  at  the  La  Plata 
smelter.  This  bullion  is  soft,  with  a  clean  surface. 

Analysis  XXIII, — Mixture  of  equal  parts  of  bullion  from  the  following  smelters : 

Names  of  smelters.  Remarks. 

Billing  &  Eilers Sample  from  one  car-load,  weighing  about  11  tons;  soft,  with  a  clean  sur- 
face. 

Gumming  &  Finn Sample  from  one  car-load,  weighing  abontlOtons;  somewhat  hard,  with 

clean  surface. 

California One  specimen  from  one  furnace. 

Elgin One  specimen  from  one  furnace. 

Grant Two  specimens  from  two  furnaces. 

Gage,  Hagamau  &  Co Sample  from  one  car  load  shipped  in  December,  1879. 

Harrison One  specimen  from  one  furnace. 

La  Plata One  specimen  from  one  furnace. 

Ohio  and  Missouri One  specimen  from  one  furnace. 

ANALYSES  XXII  AND  XXIII.    BULLION. 


XXII. 

XXIII. 

99.0798240 

98  492379 

Silver         .        ..           

0.6112445 

0.  793417 

Gold  

0.0000888 

0.000691 

0  0479100 

0  071450 

Tin                                     

Faint  trace 

0  000897 

Bismuth         

0  011791 

0.  0391305 

0.  219528 

0  2138940 

0  347881 

0.0068000 

0  012600 

Zinc  

0.  0016052 

0.000232 

Faint  trace 

0.048934 

100.0000000 

100.000000 

178.275 

231  408 

0.026 

0  260 

Discussion — Analysis  XXIII  enabled  the  writer  to  detect  the  presence  of  a  great 
number  of  metals,  some  of  which,  like  tin,  were  not  even  suspected  to  exist  in  Lead- 
ville,  inasmuch  as  the  sample  analyzed  represents  ores  from  nearly  every  mine  in  the 
region.  While  investigating  this  sample  of  bullion  it  was  observed  that  part  of  the 
silver  exists  there  in  the  state  of  sulphide.  Some  of  the  lead,  as  might  be  anticipated, 
is  also  in  the  state  of  sulphide.  This  is  very  easily  demonstrated  in  the  following 
manner:  The  bullion  is  dissolved  in  weak  nitric  acid;  the  unattacked  residue  is  both 
yellow  and  black.  The  yellow  portion  is  sulphur  from  sulphide  of  lead,  which  is  easily 
attacked  by  weak  nitric  acid  with  separation  of  sulphur;  the  black  portion  is  formed  of 
sulphide  of  silver,  which  is  not  touched  by  weak  nitric  acid.  Neither  the  relative  pro- 
portion of  silver  existing  in  bullion  in  the  metallic  state,  nor  the  amount  of  lead  as  sul- 
phide, was  determined,  because  this  kind  of  research  would  have  led  too  far ;  but  it 
would  seem  to  be  sufficient  to  call  the  attention  of  smelters  and  refiners  to  the  fact. 
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Assays  of  bullion — The  following  assays  show  the  varying  proportions  of  gold  and 
silver  in  the  bullion.  The  specimens  assayed  are  those  which  had  been  mixed  for 
analyses : 


Location. 

Smelter. 

Bullion. 

Silver. 

Gold. 

California  gulch  < 
Average  

Billing  &  Eilers     

Ounces  to  ton. 
87.  2817 
210.  2267 
325.  1550 
368.  5000 
132.  9417 
178.  2750 

Ounces  to  ton. 
0.  1423 
0.  0233 
Faint  trace 
Faint  trace 
0.  3933 
0.  0260 

Grant              

218.  0033 

0.081 

Big  Evans  gulch  .  .  < 

Cumuiiug  &  Finn... 

366.  8787 
245.  9750 
127.  2517 
265.  5984 

1.  1223 
0.  1500 
0.  0833 
0.6566 

Gage,  Hagaman  &.  Co  . 
Ohio  and  Missouri  .  -  - 

251.  425S 

0.503 

g 

Thus  it  will  be  noticed  that  the  bullion  produced  in  Big  Evans  gulch  is  generally 
richer  in  gold  than  that  of  California  gulch. 

Assays  of  bullion  made  at  Messrs.  Gumming  $•  Finn's  smelter  in  August,  1880. 
[Each  assay  represents  a  car-load  of  10  tons  oi  bullion.] 


Silver. 

Gold. 

No  1      

Ounces  to  ton. 
327.9 

Ounces  to  ton. 
0.0415 

No.2  

301.5 

None 

No  3 

338.  25 

None 

(Hadelberg.) 

Daily  assays  of  bullion  made  at  one  of  ihe  smelters  in  Leadville 
[Each  assay  represents  the  bullion  extracted  in  24  hours.  I 


Dates. 

Silver. 

Gold. 

1880. 
MaySO           

Ounces  to  ton. 
314.25 

Ounces  to  tan. 
1.1 

May  31      

289.  70 

1.3 

281.  57 

1.75 

260.  675 

1.325 

260.  22 

1.10 

275.60 

0.65 

357.  175 

0  50 

414.  46 

•'..  20 

443.  85 

0.15 

318.90 

0.10 

322.  4625 

0.  0375 

284.5 

None 

278.0 

None 
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Skimmings — The  following  is  an  analysis  of  skimmings  collected  in  the  siphou-tap 
or  lead-pot  of  one  of  the  furnaces  at  the  Grant  smelter ;  it  is  interesting  because  it  con- 
tains, in  concentrated  form,  the  metals  which  exist  only  in  small  quantity  in  the  bullion, 
and  thus  more  certainly  proves  their  existence: 

ANALYSIS  XXIV.  SKIMMINGS. 

Lead 97.9172 

Silver : 0.8657 

Copper 0.0:559 

Bismuth 0.0160 

Iron 0.4249 

Cobalt 0.0087 

Nickel Faint  trace 

Zinc 0.0158 

Arsenic 1.1875 

Antimony 0.1147 

Tin 0.0095 

Sulphur , 3.3400 

Oxygen  and  loss  (by  difference) 1.0641 

100.0000 
Silver,  252.5  ounces  to  the  ton.    Gold,  not  a  trace. 

Discussion.  —  In  the  skimmings,  as  in  the  bullion  itself,  part  of  the  silver  and 
some  lead  exist  in  the  state  of  sulphides ;  in  fact,  the  skimmings  are  peculiar  alloys 
of  metals,  sulphides,  and  oxides.  Although  it  was  known  from  the  analyses  of  the 
ores  by  Dr.  W.  F.  Hillebraud,  and  of  the  hematites  by  the  writer,  that  cobalt  was 
present  in  the  smelting  charge,  the  writer  was  extremely  surprised  iiot  to  find  this 
metal  concentrated  in  the  speiss  or  in  any  of  the  other  furnace  products^  mattes,  accre- 
tions, etc.  The  preceding  analyses  show  that  it  is  in  the  skimmings  that  it  must  be 
looked  for.  This  curious  fact  illustrates  a  most  interesting  case  of  separation  of  nickel 
from  cobalt  by  the  dry  way,  and  by  a  method  hitherto  unknown  and  unsuspected. 
Nickel,  as  will  be  seen,  is  concentrated  iu  the  speiss,  and  cobalt  accompanies  the  bullion, 
from  which  it  can  easily  be  separated  by  the  simple  process  of  skimming.  There  would 
seem  to  be  no  reason  why  this  simple  process  should  not  be  used  in  the  metallurgy  of 
nickel  and  cobalt ;  for  no  cobalt  is  found  either  in  speiss  or  bullion.  When  the  skim- 
mings are  cupelled,  the  presence  of  cobalt  is  revealed  by  the  formation  of  blue  specks 
of  phosphate  of  zinc  and  cobalt.  This  phenomenon  is  so  rarely  seen  that  it  should 
not  pass  unnoticed  here. 

The  skimmings  are  covered  with  a  crystalline,  yellowish-black  scum,  from  which 
they  cannot  be  separated.  When  they  are  broken  to  pieces,  the  pieces  are  crystalline, 
with  a  white  metallic  luster,  similar  to  lead.  These  pieces  flatten  under  the  hammer, 
but  the  flattened  portions  are  very  brittle,  with  a  crystalline  structure  and  a  blackish 
color,  due  to  small  but  very  distinct  crystals  of  galena. 
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Losses — The  loss  of  lead  and  silver  in  smelting  is  thus  estimated  at  the  different 
smelters : 


A. 

B. 

C. 

D. 

E. 

P. 

G. 

n. 

Per  cent. 
10  to  15 

Per  cent. 
10  to  15 

Per  cent. 
5  to  15 

Per  cent. 
13 

Per  cent. 
7  to  10 

Per  cent. 
12  to  15 

Ptr  cent. 
12 

Per  cent. 
9  to  14 

2.  5  to  5 

5 

5  to  12 

1.5 

3 

None 

3 

3  to  5 

The  average  loss  ia :  Lead,  11.68  per  cent. ;  silver,  3. 59  per  cent. 

Part  of  the  loss  in  both  lead  and  silver  is  recovered  in  the  smelting  of  the  lead 
fumes. 

Bullion  capacity  of  smelters — The  charges  contain  on  an  average  20  per  cent,  of 
lead,  of  which  88  per  cent,  is  extracted  in  the  state  of  bullion ;  hence  it  is  easy  to 
calculate  the  bullion  capacity  of  each  smelter,  as  is  done  in  the  following  table : 

TABLE  VIII. — Bullion  capacity  of  smelters. 


Smelter. 

No.  of 
furnaces 
running. 

No.  of 
charges  each 
per  twenty- 
four  hours. 

Total  No.  of 
charges  per 
twenty-four 
hours. 

Weight 
of  each 
charge. 

Total  weight        T      ,  . 
of  charges      <£*% 

*as-psp 

Lead  in  bullion 
(88  per  cent,  of 
lead  goes  into 
bullion.) 

A     

2 

300 

600 

Pounds. 
200 

Pounds. 
120,  000 

Pounds. 
24,  000 

Pounds. 
21,  120 

Tons. 
IOJ 

B                            

I          6 
<           3 

88 
150 

528 
450 

700 
700 

369,  600 
315,  000 

136,  920 

120,  489 

60J 

978 

684,600 

c        

2 

100 

200 

920 

184,  000     !            36,  600 

32,384 

Ml 

D                          

2     |                    60 

120 

1,000 

120,  000 

24,  000 

21,  120 

10} 

E       

f  : 

100 

175 

100 
175 

380 

380 

38,000 
66,500 

20,900 

18,  392 

H 

Total 

275 

104,500 

F 

2 

65 

130 

780 

101,  400 

20,  280 

17,846 

8& 

G                          ... 

(           1 
i          1 

96 
76 
70 

96 
162 
70 

790 
790 
790 

75,840 
120,  080 
55,  300 

50,244 

44,215 

22A 

Total 

318 

251,  220 

H  

{           1 

62 
100 

186 
100 

700 
700 

130,  200 
70,  000 

40,040 

35,  235 

17j 

Total     .               ... 

286 

200,  200 

Tons. 
Total  amount  of  bullion  extracted  during  twenty-four  hours  (weight  of  silver  and  other  impurities  being  neglected) . .    1551 

It  has  already  been  seen  (Table  IV)  that  the  smelting  capacity  of  the  smelters  in  tons  of  ore  IB 700 

Also,  that  the  daily  output  of  the  mines  is  from  700  to  800  tons  of  ore,  giving  on  an  average 750 
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Bullion  production — in  Table  IX  are  given  tbe  aim  unit  and  value  of  gold,  silver, 
and  lead  produced  at  the  different  smelters  in  the  month  of  December  1880 ;  also,  ii> 
the  last  column,  the  value  of  the  total  product  for  the  year  1880. 

TABLE  IX.—  Bullion  production. 


Smelter. 

Bullion 
shipments 
for  De- 
cember, 
1380. 

Silver  contents. 

Gold  contents. 

Lead 
contents. 

Total  value  of 
product. 

No.  of 
ounces 
perton. 

Total 
weight. 

Value. 

No.  of 
ounces 
perton. 

Total 
weight. 

Value. 

Value. 

For  De- 
cember. 

For  year 

1880. 

$299,  126 
2.  105,  701 
702,  826 
1,324,213 
462,  439 
213,697 
4,  018,  290 
917,  304 
2,  316,  310 
14,218 
108,  072 
63.  691 
24,  362 
322,  05« 

PMM&L 

380,  000 
1,624,000 
441,  720 
553,800 
187,  575 
None 
1,  180,  000 
322,263 
895,930 
None 
None 
None 
127,  316 
157,  057 

Ounea. 
125 
130 
197.5 
367.5 
175 
None 
242 
156 
162.5 
None 
None 
None 
83.7 
327.5 

Ounca. 
23,750 
105,560 
43,738 
101,808 
16,407 
None 
142,  780 
23,  116 
73,  010 
None 
None 
None 
5,320 
25,700 

$26,  720 
118,  755 
49,208 
114,  534 
18,458 
None 
160,628 
28,280 
78,  7«1 
None 
None 
None 
5,985 
28,  910 

Ounca. 

Ounca. 

$17,  033 
72,693 
15,255 
24.  621 
8,395 
None 
52,698 
14,  431 
40,120 
None 
None 
None 
5,715 
6,995 

$43,  753 
191,448 
64,463 
139,  155 
26,853 

Billing  &.  Eilera  

California   ...  

Gumming  &  Finn  
Elgin                     

Gage,  Hagaman  4:  Co  .  . 

213,  326 
43,991 
118,881 

0.40 

64.5 

$1,280 

La  Plata  

Leailville   

Little  Chief 

Lizzie 

Malta    

1.48 

93.0 

1,800 

13,500 
35,  905 

Oiiio  and  Missouri.... 
Totals  and  averages. 

5,  869,  351 

191.86 

563,189       630,239 

157.5 

3,080 

257,956     891,275   13,493,905 

SLAG. 
Fire  assayt  oftlag,  made  by  J.  E.  Hardmaii  in  J/«i-cA,  I--'1 


Smelter.                Lead. 

Silver. 

Smelter. 

Lead. 

Silver. 

Perctntagt. 
La  Plata                               1  8 

a-  to  Ion. 
3 

Leadville 

Ptretntaye. 
11  5 

Oz.toton. 
10 

Do  4  0 

3 

Billing  &Eilers 

2.5 

3 

Do  11.  8 

9 

Do  

3.3 

3 

California                             9  5 

4  5 

1  1 

1 

Grant                                  13.2 

5 

Do    

0.75 

0 

Fire  assays  made  at  the  California  smelter  on  California  smelter  slag  from  February  to  May,  1880,  by  J.  E. 

Hardman. 


Lead,  percentage  .  .  . 

1.C 

2.5 

0.8 

1.6 

2.8 

0.7 

1.5 

0.2 

1.4 

2.2 

Silver,  ounces  

1.0 

0.5 

0.6 

0.5 

0.75 

0.5 

1.0 

0.5 

1.25 

0.5 

Lead,  percentage  .  .  . 

2.3 

1.0 

1.3 

0.7 

3.0 

1.0 

1.6 

2.0 

0.5 

1.5 

Silver,  ounces  

0.75 

0.5 

0.5 

0.5 

1.0 

0.0 

0.5 

0.5 

0.5 

1.0 

Silver  assays  of  Malta-smelter  slag,  made  by  Robert  Bunsen. 
Silver,  from  10  to  17  ounces  to  the  ton. 
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Fire  assays  of  slap,  by  Dr.  M.  W.  lies,  made  at  Grant  smelter. 


Smelter. 

Lead. 

Silver. 

Percentage. 
4.56 

Oz.  to  ton. 
3.00 

Billing  &Eilers  
Gumming  <fc  Finn.. 

3.75 
2.00 

3.50 
475 

The  following  table  is  of  assays  of  slag  and  of  corresponding  bullion,  made  daily 
by  the  writer  at  one  of  the  Leadville  smelters,  and  represents  the  work  done  in  each 
furnace  in  twenty-fouT  hours. 

TABLE  X.— Daily  slag  assays. 


Furnace 
No. 

Lead. 

Silver. 

Silver  con- 
tents 
of  bullion. 

May  30  1880  

1 

Percentage. 

6.7 

Oz.  per  ton. 
0.0 

Oz.pei  ton. 

Square  furnace  .  .  . 

2 
3 
4 

3.7 
3.7 
4.9 

4.5 
4.0 
3.5 

Average  

4.7 

4.5 

314.  25 

May  31  1880 

1 

5.6 

6.0 

2 
3 
4 

2.0 
3.6 
3.8 

3.5 
4.0 
3.0 

3.7 

4.1 

289.  70 

June  1   1880  

1 

0.7 

6.0 

2 
3 
4 

3.7 
3.7 
4.0 

3.5 

.     4.0 
3.0 

Average  

4.7 

4.1 

281.  57 

Juue  2  1880  

1 

5.0 

6.0 

2 
3 
4 

2.0 
3.6 
3.8 

3.5 
4.0 
3.0 

3.7 

4.1 

266.67 

1 

5.2 

4.5 

2 
3 
4 

2.0 
3.0 
1.0 

3.0 
3.0 
1.5 

Average  

2.8 

3.0 

260.22 

June  4  1880  

1 

4.0 

3.5 

2 
3 

4 

2.0 
2.5 
2.5 

3.5 

3.5 
3.0 

Average  

2.7 

3.4 

275.60 

700 


GEOLOGY  AND  MINING  INDUSTEY  OF  LEADVILLE. 


TABLE  X. — Daily  slag  assays — Continued. 


Furnace 
No. 

Lead. 

Silver. 

Silver  con- 
tent* 

of  Million  . 

June  5  1880 

1 

Percentage. 
2.  1 

Oz.  per  ton. 
2.7 

Oz.  per  ton. 

2 
3 

4 

2.5 
2.9 
3.0 

1.9 
3.3 
3.3 

2.6 

2.8 

Jane  8  3880           .  ••• 

1 

3  5 

3.2 

===== 

2 
3 

4 

2.5 
2.7 
3.1 

2.8 
2.5 
2.8 

2  95 

"  8 

443.85 

June  9  1880    

1 

3  4 

2.9 

2 
3 
4 

4.2 
3.1 
2.8 

3.5 

2.8 
2.2 

Average  

3.37 

2.8 

318.80 

Jane  10  1880 

3  5 

6  1 

2 

4 

2.5 
15 

3.85 
3.65 

Average  

2.8 

4.8 

322.46 

Jane  11  1880 

4 

3  5 

6.  J 

284  5 

Jane  12  1880 

1 

3  8 

3  3 

2 
4 

2.5 
4.7 

8.0 
4.1 

3.7 

3  5 

278.0 

The  above  figures  show  the  influence  of  the  numerous  elements  with  which  the 
smelter  has  to  contend.  The  influence  of  the  head  smelter  and  of  the  furnace  is  indi- 
cated by  the  fact  that  Furnace  No.  1  gives  nearly  always  the  slag  richest  in  lead  and 
silver.  The  influence  of  the  silver  contents  of  the  bullion  is  clearly  seen  in  the  cases 
in  which  the  richest  slags  correspond  to  the  richest  bullion.  The  overpowering  in- 
fluence of  the  composition  of  smelting  charges  is  forcibly  indicated  in  the  cases  in 
which  poorer  slags  correspond  to  a  richer  bullion. 

Specific  gravity  of  slag — At  Messrs  Gumming  &  Finn's  smelter  the  specific  gravity 
of  slag  from  each  furnace  is  determined  daily.  It  results  from  a  very  great  number  of 
determinations  made  by  the  superintendent,  Mr.  MacFarlane,  by  means  of  the  Jolly 
specific-gravity  spring-balance,  described  in  Section  I,  that  the  average  specific  gravity 
of  slag  varies  between  3.7  and  3.8. 

Dr.  M.  W.  lies  has  obtained  an  average  of  3.691  from  a  hundred  determinations 
made  on  unusually  fine  runs  at  the  Grant  smelter. 
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ANALYSES  XXV-XXIX.— Analyses  of  Leadville  slag. 


XXV.o 

XXVLa 

XXVII.o 

XXVIII.o 

XXIX.6 

Silica 

28  50 

26  45 

39  100 

30  200 

28  20 

42.  20 

37.11 

39.  085 

36.  186 

47  07 

9.50 

7.88 

Protoxide  of  manganese  

5.21 
0.82 

5.20 
4.29 

5.023 
0.849 

3.813 

4.293 

7.13 
0  89 

4.60 

8.38 

8.300 

22.800 

7.10 

3.06 

3.23 

3  800 

0  144 

3  46 

6.51 

6.19 

2  C49 

2  355 

5  25 

0.82 

0.55 

1.194 

0  618 

0  90 

100.  92 

99.28 

100.  000 

100.  409 

100.00 

4  5 

1  25 

3.0 

1.00 

3.8 

3  58 

a  lies. 


6  Hardrnan. 


Analyses  Nos.  XXV  and  XXVI,  made  by  Dr.  M.  W.  lies,  are  of  Grant's  old  slags 
of  the  siugulo-silicate  type. 

Analysis  No.  XXVII,  made  by  Dr.  M.  W.  lies,  is  of  a  slag  now  made  at  the 
Grant  smelter.  It  belongs  to  the  acid  type. 

Analysis  No.  XXVIII,  made  by  Dr.  M.  W.  lies,  is  that  of  a  slag  of  the  singulo- 
silicate  type,  made  at  Messrs.  Billing  &  Eilers's  smelter,  with  pure  arragouite  instead 
of  dolomite.  It  is  remarkable  for  its  large  percentage  of  lime. 

Analysis  No.  XXIX  is  of  a  slag  of  the  singulo-silicate  type,  made  at  the  California 
works,  and  analyzed  by  Mr.  J.  E.  Hardrnan. 

From  the  preceding  figures  it  will  be  seen  that  the  composition  of  slags  is  well 
understood  in  Leadville,  although  some  obscure  points,  such  as  their  magnetic  prop- 
erties and  the  state  in  which  sulphur  exists  in  them,  need  elucidation,  and  although 
some  metals  always  present  in  slags,  such  as  zinc,  and  substances  such  as  phosphoric 
and  titanic  acids,  are  not  reported. 

Special  researches  on  slags  made  in  the  laboratory  of  the  Survey The  word  slag  seems 

appropriate  to  designate  the  strange  products  which  flow  from  the  blast  furnaces 
during  the  process  of  lead  smelting.  These  products  are  sometimes  masses  of  large 
intersected  crystals,  brittle,  with  a  vitreous  luster;  sometimes  fine-grained  tough  masses, 
with  a  dull  fracture,  but  always  dark  colored  and  opaque.  On  the  other  hand,  the 
word  scorice  ought  to  be  adopted  for  translucent  or  transparent  slags.  Scoriaj  are 
accidentally  formed  in  the  blast  furnaces,  having  been  found  by  the  writer  in  the 
cavities  of  iron  sows.  There  is  no  doubt  that  they  are  regularly  formed  during  the 
process  of  smelting,  but  are  soon  transformed  into  slag,  so  that  only  slag  flows  from 
the  furnaces. 

A  rough  qualitative  examination  was  made  of  the  scoriae  found  intimately  mixed 
with  iron  sows;  the  color  was  that  of  pure  blende;  they  were  translucent — almost 
transparent — contained  no  sulphur,  and  consisted  almost  exclusively  of  silicate  of 
protoxide  of  iron  and  manganese,  with  traces  only  of  lime  and  maguesia.  This  acci- 
dental product,  which  probably  no  one  else  has  ever  perceived  in  Leadville,  affords  •». 
means  of  studying  the  nature  of  the  reactions  which  take  place  iu  the  blast  furnace, 
and  which  such  accidents  alone  can  reveal. 


702  GEOLOGY  AND  MINING  INDUSTEY  OF  LEADVILLE. 

Slags  are  not  scoriae.  They  do  uot  belong  to  the  type  of  glasses,  since  they  are 
opaque 1  and  crystalline.  They  are  not  artificial  minerals,  since  they  contain  large 
quantities  of  sulphurets.  Instead  of  belonging  to  some  well  known  type,  they  form 
one.  It  is  only  after  a  careful  study  of  their  nature  and  properties  that  it  will  be  pos- 
sible to  attempt  to  give  a  satisfactory  definition  of  these  products. 

Properties  of  slag — ].  Pulverized  slag  treated  with  the  magnet  almost  always 
shows  the  presence  of  a  magnetic  portion  which  adheres  strongly  to  the  magnet.  A 
slag  beautifully  crystallized  in  detached  rhomboidal  laminae,  with  a  steel-gray  color 
and  an  almost  metallic  luster,  from  the  La  Plata  smelter,  could  be  separated  by  the 
magnet  into  two  portions. 

Part*. 

A  strongly  magnetic  portion,  amounting  to 38 

A  feebly  magnetic  portion,  amounting  to 62 

100 

But  a  rough  examination,  both  quantitative  and  qualitative,  of  these  two  portions 
showed  no  great  difference  in  the  composition,  and  the  investigation  was  carried  no 
further  in  this  direction. 

2.  The  same  slag  finely  pulverized2  and  treated  by  weak  sulphuric  acid  (acid  1, 
water  4)  is  rapidly  attacked.  Sulphureted  hydrogen  is  evolved,  showing  the  presence 
of  sulphides  easily  attacked  by  weak  acids.  The  slag  is,  moreover,  thoroughly  disin- 
tegrated after  a  few  hours.  A  large  proportion  of  silica,  irou,  lime,  magnesia,  man- 
ganese, aud  zinc  is  dissolved.  An  unattacked  residue  is  left ;  it  is  treated  with  weak 
nitric  acid,  which  dissolves  some  sulphide  of  lead,  formed  evidently  during  the  reac- 
tion, for  it  has  the  aspect  of  artificial  sulphide  of  lead  formed  in  the  wet  way.  The 
residue  is  then  boiled  with  carbonate  of  soda,  which  dissolves  some  gelatinous  silica. 
A  residue  is  still  left ;  it  is  attacked  a  second  time  by  weak  sulphuric  acid,  weak  nitric 
acid,  and  carbonate  of  soda.  It  is  interesting  to  observe  that  after  each  successive 
treatment  sulphurised  hydrogen  is  evolved,  showing  that  the  sulphides  are  undoubt- 
edly combined  with  silica  or  with  silicates.  After  each  treatment,  silica,  iron,  lime,  etc., 
are  dissolved.  These  treatments  are  repeated  until  the  residue  consists  of  intensely 
black,  fine,  brilliant  crystals.  It  is  formed  of  pure  magnetic  oxide  of  iron,  which  is 
resolved  into  octahedra  under  the  microscope.  This  oxide  was  analyzed;  it  con- 
tained— 

Protoxide  of  iron 40.3 

Peroxide  of  iron 59. 7 


100.00 

Its  formula  is  Fe7O9=3FeO,  SFcjOa,  instead  of  Fe6O8=2FeO,  2Fe2O3=2Fe3O4,  the  for- 
mula of  ordinary  magnetite.  It  contains  one  equivalent  of  protoxide  of  iron  more 
than  normal  magnetite.  In  hematite  has  been  seen  a  magnetite  containing  an  excess 
of  peroxide  of  iron ;  here  is  found  a  magnetite  formed  in  the  midst  of  protoxide  of  iron 
and  containing  an  excess  of  this  oxide. 

1  The  opacity  of  some  slags  is  such  that  thin  sections,  prepared  by  Mr.  Whitman  Cross  for  micro- 
scopical examination,  proved  totally  opaque,  even  under  the  microscope. 
"Sifted  slag  is  also  very  easily  attacked  by  weak  acids. 
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One  problem  is  solved — the  slags  are  magnetic,  because  they  contain  free  mag- 
netite disseminated  throughout  their  mass ;  the  magnetite  is  not  combined,  since  it 
can  be  thus  isolated  in  a  state  of  purity,  and  it  is  evidently  to  this  substance  that  the 
intense  black  color  of  slags  is  chiefly  due.  To  this  substance  also  they  partially  owe 
their  opacity. 

Magnetite  can  be  isolated  by  a  process  much  more  simple  and  more  rapid  than 
the  one  previously  described.  Sifted  slag  is  attacked  in  a  platinum  vessel  by  a  mix- 
ture of  weak  nitric  and  hydrofluoric  acids ;  the  solution  is  decanted,  the  residue  is 
treated  with  a  boiling  solution  of  caustic  potash,  and  this  residue  is  washed  with  water 
and  weak  hydrochloric  acid.  In  a  few  minutes  pure  magnetite  is  isolated. 

3.  The  pulverized  slag  is  treated  by  a  boiling  solution  of  caustic  potash;  after  a 
few  minutes  ebullition  the  potash  is  charged  with  sulphide  of  potassium,  and  in  a  few 
minutes  more  it  takes  the  rich  yellow  color  of  persulphide  of  potassium.    Only  one 
among  the  sulphides  that  can  possibly  exist  in  the  slags  is  capable  of  producing  this 
reaction ;  it  is  sulphide  of  calcium.    The  existence  of  this  sulphide,  which  has  long 
been  suspected  and  often  reported,  is  demonstrated  here  beyond  a  doubt.    Whether 
all  the  sulphur  of  slag  exists  in  the  state  of  sulphide  of  calcium  is  another  question. 
That  most  of  the  sulphur  is  in  that  condition  there  is  no  doubt,  but  from  the  general 
behavior  of  slag,  the  writer  is  almost  inclined  to  think  that  small  quantities  of  sul- 
phides of  iron,  manganese,  zinc,  and  even  lead  exist  there  also.    A  great  number 
of  experiments  were  made  to  ascertain  this,  but  in  every  case  the  presence  of  metallic 
sulphides  might  be  attributed  to  secondary  reactions,  so  they  will  not  be  described. 

4.  The  pulverized  slag  is  treated  by  a  strong  solution  of  cold  potash.    A  consid- 
erable quantity  of  oxide  of  lead  is  dissolved ;  consequently  there  can  be  no  doubt  as  to 
the  state  in  which  lead  exists  in  slags.    It  is  in  the  state  of  silicate  of  oxide. 

5.  Slags  contain  always  a  little  chlorine,  whose  quantity  is  proportionate  to  the 
quantity  of  silver  found;  hence  there  is  little  doubt  that  silver  exists  in  the  slag  in 
the  state  of  chloride  which  has  escaped  decomposition.    This  fact  is  important  because 
it  explains  why  there  is  no  relation  between  the  quantities  of  lead  and  silver  found  in 
slag.    The  slag  in  indistinct  but  large  crystals  behaves  with  reagents  exactly  like  the 
distinctly  crystalline  one ;  magnetite  can  be  extracted  by  the  processes  previously 
described,  but  this  oxide,  instead  of  being  crystalline  to  the  eye,  forms  an  apparently 
amorphous  powder.    The  non-crystalline,  fine-grained  siags  possess  the  same  proper- 
ties as  the  former.     They  are  more  easily  attacked  under  the  same  circumstances  and 
yield  only  traces  of  magnetite;  yet  they  contain  almost  as  much  peroxide  of  iron  as 
the  former,  but  in  this  case  peroxide  of  iron  exists  in  the  state  of  silicate. 

Most  slags  in  Leadville  belong  to  the  two  types  just  described:  the  lustrous  crys- 
talline slag  known  as  acid  slag,  which  may  be  defined  as  a  silicate  of  sulphides  and 
oxides,  colored  by  magnetite,  and  the  fine-grained,  non-crystalline  known  as  basic  slag, 
and  which  may  be  termed  a  silicate  of  sulphides  and  oxides,  colored  by  sulphide  of 
iron. 
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Complete  analyses  of  slags. — The  writer  made  the  following  analyses  of  slags,  which 
reveal  a  few  points  which  had  not  been  observed  before,  such  as  the  presence  of  small 
quantities  of  carbonate  of  lime  and  of  carbon : 

ANALYSES  XXX,  XXXI,  AND  XXXII.  SLAGS. 
Elementary. 


XXX. 

XXXI. 

XXXII. 

Silica                                                    

29  0123 

33.845650 

31  10654 

Titanic  acid              

0.5285 

0.820000 

0.  57300 

None 

Faint  trace 

Trace 

Trace 

Trace 

0.8788 

0.  657828 

0.  32204 

0  024147 

Chlorine  and  traces  Br  and  I  (calculated) 

0.0031 
1.  8110 

0.004686 
0  914418 

0.  00184 
1.  27277 

Calcium  (in  the  state  of  sulphide)  

Silver 

2.3887 

lit! 

1.143022 
0  OH'WJ 

1.59096 
0  00362 

Gold 

Harked  trace 

Trace 

Trace 

44.5226 

36.789600 

34.  40836 

W 

(a) 

2.  71000 

2.9500 

3  419000 

(ft) 

Oxide  of  lead 

6.3138 

4  326576 

3.  31746 

0.0140 

Trace 

Trace 

Oxide  of  Kino  

1.8040 

2.353500 

1.04100 

2.  8608 

4  '59378 

1.  15720 

N«'ii- 

0.04950 

1.M18 

6.539400 

10.  28020 

Maguesia  

2.9814 

3.  671935 

9.75340 

Alumina  

1.8427 

1.  1820CO 

2.33500 

Alkalies         .                

Trace 

Trace 

Trace 

0.  0195 

0.034500 

0.07500 

Total  

100.  0024 

99.999906 

99.99991 

a  In  magnetic  oxide. 


ft  Reported  with  FeO  and  FeiOi. 
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ANALYSES  XXX,  XXXI,   AND  XXXII.  SLAGS  —  Continued. 
national. 


XXX. 

XXXI.      - 

XXXII. 

Silica                  

29.  0123 

33.  845650 

31.  10656 

0.  5285 

0.  820000 

0.  57300 

44.  5226 

38.  789600 

34.  40836 

None 

2.  71000 

1.8427 

1.  182000 

2.  33500 

0.9221 

5.  761125 

9.  89919 

2.  9814 

3.  671935 

9.  75340 

Alkalies                                                   

Trace 

Trace 

Trace 

1.  8040 

2.  353500 

1.  04100 

2.  8606 

4.  259:178 

1.  15720 

None 

0.  04950 

C  3138 

4  320576 

3.31740 

Trace 

0.  024147 

Trace 

0.  0140 

Trace 

Trace 

1.  9185 

1.  436103 

0.  70305 

4.  2997 

2.  0  J7440 

2.  8C373 

Trace 

Trace 

Chloride  of  silver,  with  traces  AgBr.Agl... 
Gold                        .                        .... 

0.  0127 

0.  018952 
Trace 

0.  00746 
Trace 

2.  9500 

3.419000 

(0) 

0.  0195 

0.  034500 

0.  07500 

Total  

100.  0024 

99.  999906 

99.  99991 

5.85 

4.000 

3.07 

2.80 

4.161 

1.639 

0  005 

0.0005 

0.0005 

a  Reported  with  FeO  and  FeaOs. 
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No.  XXX  is  the  slag,  in  distinct  detached  crystals,  from  the  La  Plata  smelter, 
which  has  already  been  described  in  the  reactions  of  slags.  No.  XXXI  is  a  sample  of 
so  called  acid  slag  from  Gumming  &  Finn's  smelter.  This  sample  was  made  of  124 
pieces  of  slag,  each  piece  representing  the  day's  work  of  one  furnace  and  specimens 
from  four  furnaces  being  mixed  together. 

No.  XXXII  is  a  slag  of  the  singulo-silicate  type,  taken  from  the  heap  at  Messrs. 
Billing  &  Eilers's  smelter.  These  three  specimens  have  already  been  described  in  the 
investigation  on  the  properties  of  slags. 

Discussion — A  glance  at  the  analyses  shows: 

1.  That  the  quantity  of  lead  is  in  an  inverse  ratio  to  the  quantity  of  lime  and 
magnesia  existing  in  the  state  of  silicates. 

2.  That  there  is  no  relation  whatever  between  the  quantities  of  lead  and  of  silver 
left  in  the  slag.    This  was  shown  also  in  the  assays  of  slags  from  various  sources 
already  given.     It  is  rendered  very  apparent  in  an  assay  of  another  slag  fijom  Billing 
&  Eilers's  smelter  exactly  similar  to  No.  XXXII,  which  was  examined  very  carefully 
by  the  wet  way  for  lead  and  assayed  for  silver.    It  contained  2.95  per  cent,  of  lead 
and  0.5833  ounce  of  silver,  while  No.  XXXII  contains  lead,  3.07  per  cent. ;  silver, 
1.639  ounces. 

This  can  scarcely  be  otherwise  since  lead  exists  in  the  slag  in  the  state  of  combi- 
nation and  silver  in  the  state  of  mixture. 

None  of  the  slags  analyzed  contains  any  baryta,  but,  as  this  substance  has  been 
found  in  some  of  the  lead  fumes  condensed  in  the  dust-chambers,  it  must  be  inferred 
that  some  of  the  Leadville  slags  contain  baryta. 

The  slags  were  examined  for  chromium,  tungsten, and  vanadium,  but  the  presence 
of  these  metals  could  not  be  detected. 

Titanic  acid  could  not  be  detected  by  the  classical  methods.  The  process  used 
with  success  for  its  detection  and  estimation  was  the  following:  The  slag  is  dissolved 
in  a  mixture  of  hydrofluoric,  hydrochloric,  and  sulphuric  acids,  in  a  platinum  vessel, 
and  the  whole  evaporated  until  sulphuric  acid  goes  off  in  fumes  (this  to  expel  silica). 
The  product,  dissolved  in  water,  is  treated  by  an  excess  of  sulphtireted  hydrogen  to 
precipitate  any  lead  which  might  remain  in  solution.  The  solution  is  filtered  and  then 
boiled  for  the  expulsion  of  sulphureted  hydrogen,  and  then  brought  as  nearly  as  possible 
to  the  neutral  point  by  an  alkali.  Alumina  and  titanic  acid  are  then  precipitated  by 
hyposulphite  of  soda,  and  separated  and  estimated  as  usual.  With  the  exception  of  the 
preliminary  operation  needed  for  the  preparation  of  the  solution,  the  process  is  the 
same  as  the  one  which  has  been  recommended  in  the  analysis  of  hematite.  The  quantity 
of  titanic  acid  in  the  hematite  is  insufficient  to  account  for  the  relatively  large  propor- 
tion of  this  acid  in  the  slags.  In  all  probability  the  oxide  of  iron  of  the  lead  ore  con- 
tains this  substance,  but  some  small  quantities  of  titanate  of  lead  may  also  exist  in 
the  ore,  although  this  mineral  is  not  kuowu  to  exist.  As  has  previously  been  stated, 
the  slags  from  the  Little  Chief  smelter  were  examined  very  carefully  and  only  doubtful 
traces  of  titanic  acid  were  detected. 

Careful  experiments  revealed  the  presence  of  carbon  in  the  slag,  but  it  is  not 
known  yet  in  what  state  it  occurs  there.  Two  hypotheses  are  acceptable:  either  car- 
bon exists  in  the  state  of  graphite,  a  very  easily  mixed  substance,  and  one  which  com- 
bines, so  to  speak,  crystallographically,  as  in  cast  iron,  for  instance,  or  else  in  the  state 
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of  carburet  of  iron ;  it  is  possibly  part  of  the.  carburet  of  iron  of  the  iron  reduced  in 
the  furnace  at  a  certain  stage  of  the  smelting  operation,  and  subsequently  fluxed  down 
by  sulphur,  arsenic,  and  silica.  That  carbon  is  thus  liberated  there  is  no  doubt,  for 
the  writer  has  been  able  to  isolate  graphite  blown  off  with  the  lead  fumes  in  the  cham- 
ber-dust. 

Strange  as  it  may  appear,  there  is  no  doubt  whatever  about  the  presence  of  small 
quantities  of  carbonateof  lime  in  the  slag.  This  quantity  is  undoubtedly  proportionate 
to  the  rapidity  with  which  the  furnace  is  run. 

The  large  proportion  of  phosphate  of  lime  in  the  slag,  derived  from  the  pyro- 
inorphite  of  the  ore,  is  one  of  the  causes  of  its  opacity,  it  being  well  known  that 
phosphate-of-lime  glasses  are  opaque.  The  presence  of  large  quantities  of  sulphide 
of  calcium  in  the  crystalline  portions  of  the  slags  is  another  very  clear  indication  that 
sulphide  of  calcium  is  really  combined  with  the  silicates,  either  chemically  in  the 
state  of  sulpho-silicate,  or  possibly  crystallographically. 

Although  we  are  in  possession  of  a  good  many  facts  relative  to  slags,  it  seems 
necessary  to  postpone  an  attempt  at  a  rational  definition  of  these  products  until  we 
have  examined  the  mattes  of  Leadville.  (See  observations  on  mattes,  and  final  defi- 
nition of  slag.) 

Assays  of  slags  made  in  the  laboratory  of  the  Survey In  Table  XI  is  given  the  fol- 
lowing information  concerning  the  slags  collected  in  Leadville  and  assayed  in  the  lab- 
oratory of  the  Survey: 

1.  Reference  uumbe.rs  for  discussion. 
•2.  Names  of  the  smelters. 

3.  Character  of  the  slag. 

4.  Color  of  the  powdered  slag. 

5.  Remarks  as  to  whether  the  slags  are  normal  or  accidental. 

6.  Number  of  specimens  mixed  for  assay. 

7.  Places  where  the  slags  were  collected. 

8.  Portions  of  the  cakes  from  which  the  specimens  were  taken. 

9.  Assays  of  the  slag  in  silver,  ounces  to  the  ton. 
10.  Assays  of  the  slag  in  gold,  ounces  to  the  ton. 
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TABLE  XI. — Assays  of  slag. 


Where  from. 

Character  of  specimens. 

Name  of  smelter. 

Part  of  works. 

Part  of  slag-cake,  &c. 

General  composition. 

1 

American  

Slag-heap  

v 

...  do    1 

do  

Slag-cake 

<t 

do  

do  

do         

4 

California           .             

...do       

5 

.  ..Jo    

do  

6 

do 

7 

do     

do 

Do 

8 
8 

Elgin  
do  

Given  by  superintendent  

Normal  accident 

in 

.  ...do      

do 

Do 

11 

Grant  

Cakes    

1° 

do  

do  

do    

Do. 

n 

do    

Do 

11 
11 

do  
do       

Small  round  furnace,  running  well  

do  
Cakes 

Do. 

10 
17 

do  ... 
do 

Slag-pot  

Shell  of  cake  

Normal  ;  new  slag. 
Do 

U 
19 

Harriaon  
La  Plata  

Slag-heap  
do  

Core  of  cake  
Cakes 

Normal. 

?0 

do  

do  

do      

"1 

Leadville  

do    

do  

Do. 

.... 

Little  Chief  

do   

.    do 

Do 

VI 

do 

do 

Accidental. 

24 

Malta       ..               

..     do 

Cakea 

?^ 

Ohio  and  Missouri  

do     . 

21! 
27 
?8 

do  
Raymond,  Sherman  &  McKay. 
Billing  &.  Eilers  

Large  furnace  
Slag-heap  
do  

Tap-hole  
Core  of  cake  
ShuH  of  cake  

Do. 
Do. 

29 

H 
•il 

do  
do  
do  

Smelting  charge  
Slag-heap  

do  
Core  of  cake  

slas- 
Do. 
Do. 

T 

do  

Shell  of  cake    

m 

do  

do  

slag. 
Do. 

34 

H 

do  
do   

Slag-pot  

Top  of  cake  

Do. 
Do 
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TABLE  XI. —  Jssays  of  slag—  Continued. 


Character  of  specimens. 


Assays. 


External  appearance. 


Color  of  powder. 


Silver. 


Gold. 


Compact;  fine-grained,  with  dull  fracture Grayish 

Slinnte  prismatic  crystals Yellow-white.. 

Large  lamellar  crystals    Yellow-gray  ... 

Fine,  compact,  and  indistinctly  crystalline G  ray-black 

Acicalar Yellow-gray  . . . 

Vitreous   large  indistinct  crystals do 

Vitreons    crystalline ;  also  compact Gray-bkck 

Large  distinct  lamella) Gray-yellow  ... 

Compact    fine-grained Blackish 

Vitreous    compact  and  indistinctly  crystalline Grayish 

Vitreous    large  indistinct  crystals Gray-yellow  . . . 

Vitreons    distinct  crystals do 

Vitreous    indistinct  crystals . Gray-black 

do    ..  do 

Vitreons    compact Grayish 

Vitreons    indistinct  crystals Gray-black    — 

do    do 

Vitreous    compact  and  indistinctly  crystalline Yellow-gray... 

Distinct  lamellar  crystals  do 

Indistinctly  crystalline  and  compact do 

Very  dense,  mottled,  dull,  non-crystalline do 

Vitreous   indistinct  crystals do 

Crystalline;  looks  like  hornblende do 

Vitreous    large,  indistinct  crystals do 

Vitreons    indistinctly  crystalline  and  compact do 

Compact   vitreons Brilliant,  black. 

Vitrious    indistinct  crystals :  Yellow-gray  ... 

Compact    fine-grained;  dull  fracture I  Grayish 

do do 

do Yellow-gray  — 

do Gray -black  .... 

Lustrous;  indistinct  crystals do 

Distinct  prismatic  crystals Gray-white 

Lustrous;  indistinct  crystals Gray 

do ' do  ... 


1 
1 
2 
1 
1 

124 
1 
2 
3 
1 
1 
1 
1 
2 
1 
1 
2 
2 
2 
1 
1 
1 
2 
3 
1 
1 
1 
1 
1 
1 
9 
8 
1 
1 


Ozi.  to  ton. 

1.8569 

0.95 

0.73 

0.  070818 

0.70 

6. 17347 

4.101 

0.6 

4.  919332 

2.24 

5. 084606 

4.2 

4.6 

2.87 

3.87 

2.615 

2.515 

1.85 

2.8 

1.4 
10.05 

3.98 

4.44 

6.22 

2.78 

1.72 

4. 52 

0.  554151 

0.5833 

1.639 

0.92 

1.47 

0.60 

0.15 

0.36 


Ozi.  to  ton. 
Faint  trace. 

Do. 
None. 
Faint  trace. 
None. 
Trace. 

Do. 
Faint  trace. 

Do. 

Do. 

Do. 
None. 

Do. 

Do. 

aii 1 1  trace. 
Trace. 

Do. 

Do. 


0.005    19 


Trace. 

Do. 
None. 

Do. 
Trace. 

Do. 
None. 
Trace. 
Faint  trace. 
None. 
Faint  trace. 
None. 

Do. 

Do. 

Do. 

Do. 


NOTE.— Specimens  10  and  17  were  specially  prepared  by  Dr.  M.  W.  lies,  and  specimens  34  and  35  by  Mr.  A.  Eilers. 
The  slag  represented  by  numbers  32,  33,  34,  and  35  has  been  analyzed  by  Dr.  lies  (see  Analysis  XXVIII). 
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Discussion. —  Smelting  is  conducted  so  methodically  in  Leadville  that  when  the 
writer  collected  the  specimens  of  slag  it  was  done  at  random,  since  he  felt  convinced 
that  the  examination  which  he  was  about  to  make  would  only  furnish  additional  proof 
of  the  admirable  method  employed;  but  the  preceding  table  shows  that  he  was  greatly 
mistaken  in  this  anticipation.  Laying  aside  accidental  slags,  and  discussing  ouly  the 
normal  ones  found  by  thousands  of  tons  on  the  refuse-slag  heap,  it  is  found  that  at 
the  Grant  smelter,  for  instance,  the  composition  of  smelting  charges  has  been  altered 
from  the  singulo-silicate  type  to  the  acid  type,  and  with  what  results?  The  old  slag- 
heap  and  the  new  slag-heap  are  several  hundred  feet  apart — the  first  immediately  in 
front  of  the  furnaces  and  the  second  outside  of  the  works  at  the  bottom  of  California 
gulch — so  that  a  mistake  on  the  writer's  part  in  the  collection  of  the  specimens  was 
impossible.  Now,  Table  XI  shows  that  the  new  slag,  No.  11,  contains  5.1  ounces  of 
silver,  while  the  old  slag,  No.  15,  contains  only  3.8  ounces;  and  at  these  works  it  is  the 
poorest  slag  that  is  resmelted,  while  the  richest  is  carried  away  to  an  almost  inaccessi- 
ble spot.  At  Messrs.  Billing  &  Eilers's  smelter  the  same  is  remarked.  It  is  the  poorest 
slag,  No.  29,  containing  only  0.5  ounce  of  silver,  that  is  resmelted,  while  the  richest, 
No.  30,  containing  more  than  three  times  as  much  silver,  or  1.6  ounce,  remains  on  the 
slag  heap.  The  compact,  flue-grained  slags,  which  represent  slags  of  the  singulo-silicate 
type,  are  conspicuous  throughout  Table  XI  for  their  low  contents  in  silver,  and  yet 
we  see  two  of  the  largest  smelters,  those  of  Messrs.  Gumming  &  Finn  and  Grant, 
adopting  slags  of  the  acid  type,  containing  four  and  six  ounces  of  silver,  like  Nos.  7 
and  6,  and  four  and  five  ounces,  like  Nos.  12  and  11. 

The  blame  for  this  belongs  somewhere,  and  it  is  probable  that  the  superintend- 
ents are  constantly  misled  and  misguided  by  the  assayers,  chiefly  for  the  reason  that 
the  scoriflcation  process  is  not  to  be  depended  upon  in  the  assay  of  slag  and  that  the 
crucible  process  ought  to  be  substituted  for  it.  The  clearest  result  of  au  inspection  of 
Table  XI  is  that  there  is  no  relation  whatever  between  either  the  appearance  or  even 
the  composition  of  slag  and  its  contents  in  silver,  and  that  smelters  ought  to  give  spe- 
cial attention  to  the  assay  of  these  products. 

The  process  of  shelling  out  the  slag,  which  has  been  described  in  smelter  C, 
induced  the  writer  to  make  a  few  experiments  on  the  distribution  of  silver  in  the  cakes 
of  slag,  and  specimens  16  and  17  were  prepared  specially  for  this  purpose  from  the 
same  slag-pot  by  Dr.  M.  "W.  lies.  The  shell,  No.  Iti,  contains  2.C  ounces  of  silver,  and 
the  poured-out  portion  2.5,  showing  a  difference  of  one-tenth  of  an  ounce  in  favor  of 
the  shell.  The  difference  is  much  larger  between  the  top  shell  and  the  poured-out 
portion,  as  is  shown  by  specimens  34  and  35,  prepared  specially  from  the  same  slag- 
pot  by  Mr.  A.  Eilers.  The  top  shell  contains  0.15  ounce  silver  and  the  poured  out 
portion  0.36  of  au  ounce.  These  two  experiments  seem  to  indicate  that  during  the 
process  of  cooling  the  chloride  of  silver,  which  is  only  mechanically  mixed  in  the  slag, 
settles,  in  virtue  of  its  higher  specific  gravity,  by  means  of  a  sort  of  liquation. 
Specimens  32  and  33  point  out  the  same  results.  The  outer  portion  of  the  cakes  of 
slag,  in  indefinite  crystals,  assays  1.47  ounces,  and  the  distinct  crystals,  forming  the 
inner  portion  or  core  of  the  cakes,  0.6.  There  can  be  no  doubt  about  these  results, 
since  the  crystals  were  detached  from  the  outer  portions  immediately  before  assaying; 
nor  can  the  differences  be  attributed  to  the  presence  of  traces  of  bullion,  for  in  no 
case  did  the  slag  contain  even  a  trace  of  metallic  grains.  These  results  were  not  sus- 
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peeled  by  the  smelters,  who  were  under  the  impression  that  there  was  110  difl'ereuee 
between  the  different  parts  of  the  same  cake  of  slag,  and  who  used  the  ingenious 
process  of  shelling  out  as  a  convenient  way  of  breaking  up  the  slag  in  small  pieces 
before  resineltiug. 

A  comparison  between  specimens  28,  29,  30,  and  31,  or  dolomitic  slags,  and  speci- 
mens 32,  33,  34,  and  35,  or  calcitic  slags,  shows  that  both  kinds  of  slag  contain  sen- 
sibly the  same  amount  of  silver. 

CHAMBER-DUST. 

The  flue  and  chamber  dust  of  Leadville  is  always  in  the  form  of  a  coarse  reddish 
or  blackish  powder  and  full  of  very  small  particles  of  charcoal  and  coke. 

Very  little  has  been  done  in  Leadville  with  regard  to  a  thorough  examination  of 
these  products,  and  all  the  information  which  could  be  obtained  bears  on  the  estima- 
tion of  lead  and  silver,  and  occasionally  of  silica  and  iron.  In  the  following  table  is 
condensed  such  information  as  could  be  obtained : 

TABLE  XII. — Assays  cf  chamber-dust. 


Smelter. 

Lead. 

Silver. 

Silica. 

Iron. 

Assayer. 

Per  cent. 
30  35 

".-.  to  ton. 
20  25 

Per  cent. 

Per  cent. 

J.  E.  Hardman. 

Gumming  &  Finn  
El"in 

35 

40  60 

36 
50  150 

20 

u 

Hadelberg. 

Grant 

28 

34.7 

14.3 

8.65 

M.  W.  Jles. 

20-')8 

34-44 

Do. 

40-50 

35-40 

Th.  Fluegger. 

30-40 

40 

Little  Chief 

28 

44  5 

16.1 

11.56 

M.  W.  lies. 

30 

40 

Utali 

15-35 

10-95 

In  the  description  of  each  smelter  the  amount  of  flue-dust  caught  and  the  methods 
of  treatment  of  flue  and  chamber  dust  have  already  been  given. 

Analysis. — An  examination  of  the  flue  and  chamber  dust  of  the  blast  furnaces  of 
Leadville  afforded  such  a  fine  opportunity  for  detecting  most  of  the  substances  dis- 
seminated in  the  camp  that  the  writer  carried  on  quite  exhaustive  researches  on  these 
products,  and  in  order  not  to  let  anything  escape  he  treated  the  dust  with  boiling 
water  aud  made  a  careful  analysis  of  the  soluble  portion,  then  a  careful  examination 
of  the  portion  soluble  in  acids,  and  lastly  a  complete  analysis  of  the  portion  insoluble 
in  acids.  The  results  thus  obtained  are  extremely  complicated  aud  present  an  unnat- 
ural appearance,  but  such  as  they  are  they  give  a  clearer  idea  of  the  form  under  which 
the  different  compounds  exist  in  the  fumes,  and  of  the  reactions  to  which  they  owe 
their  origin,  and  no  attempt  was  made  to  simplify  the  reports. 

The  labor  expended  on  the  examination  of  the  lead  fumes  was  rewarded  by  the 
discovery  of  a  new  metal  which  appears  to  be  distributed  widely,  though  sparingly, 
throughout  the  camp.  In  the  elementary  analyses  the  earthy  and  alkaline  metals  in 
combination  with  metalloids  other  than  oxygen  have  been  reported  in  the  metallic 
state. 
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Analysis  No.  XXXIII  is  that  of  a  sample  of  chamber  and  flue  dust  from  the  Ohio 
and  Missouri  smelter.    This  dust  had  a  reddish-brown  tinge,  due  to  peroxide  of  iron. 

Analysis  No.  XXXIV  is  that  of  a  mixture  of  equal  parts  of  flue  and  chamber  dust 
from  the  American,  California,  Gumming  &  Finn,  Grant,  La  Plata,  and  Billing  & 
Eilers  smelters.  The  sample  thus  formed  had  a  blackish  color,  due  chiefly  to  fine  char- 
coal dust. 

ANALYSES  XXXIII  AND  XXXIV.  CHAMBER  DUST. 

Elementary. 


XXXIII. 

XXXIV. 

xxxni. 

xxxrv. 

Lead  

25.  535772 
0.  13023S 
0.000100 
0.  013460 
0.003992 
0.  017500 
16.065305 
1.  478780 
3.  311400 
0.  176715 
0.083560 
0.  001180 
0.  011300 
0.235420 
0.022000 
0.026000 
0.  175000 
1.955000 
4.  197600 
0.835110 

2.  381447 
0.585000 
2.641850 

38.  620520 
0.  121200 
0.000066 
0.090640 
0.099000 
0.012200 
13.340060 
0.  598645 
1.303740 
0.090910 
0.  087740 
0.  001180 
0.003000 
0.  224700 
0.020900 
0.  071000 
0.  114000 
2.627000 
3.  214880 
2.275000 

1.993000 
0.185484 
0.008000 
15.  126653 

2.407000 
a  972380 
0.444300 
Traces 

1.321660 
0.244530 
0.012660 
9.240000 
Traces 

3.  175120 
0.  487400 
0.  035000 
9.704500 

3.780000 
7.  919895 
1.  174000 
Marked 
traces 
1.200490 
0.  242330 
0.  012080 
5.063000 
Traces 
0.215000 
0.035000 
0.025000 
0.665000 

Silver     

Gold  

Titanic  acid 

Silica  (from  slag  a  n.l  silicate  of  lead)  . 
Silica  (from  qnarti  and  refractory 

Zinc  

Arsenic  

Chlorine 

Antimony  

Tin  

Aluminium  

Calcium    

Carbon  (coke,  charcoal,  graphite)  .  .  . 

M  :i  1:11  rsi  1  1  in  

Potassium  

Sodium  

Potash 

Alumina             . 

Soda 

Lime  

Magnesia  

LOM 

0.160700 

AlaOs,  FeiOt,  PbO,  ZnO,  CaO,  MgO, 
K20,  NatO  (combined  with  SiOt). 
Water 

Xotal  

100.000000 

100.  003516 

Stiver  ounces  to  ton.. 

0.  912500 
2.  440820 

37.984 
0.03 

35.349 
0.01925 

Gold  do  
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ANALYSES  XXXIII  AND  XXXIV.  CHAMBER  DUST  — Continued. 

Sational. 


XXXIII.      XXXIV. 

xxxni. 

XXXIV. 

Portion  soluble  in  water. 

0.  086500 
0.  145000 
0.  020200 
0.  255850 
0.  055000 
0.  003000 
0.  553000 
0.  175000 
0.  009000 
0.  1200CO 
0.  055500 
0.  090000 
0.  150000 
0.  050000 
0.  450000 
0.  585000 

0.014700 
0.  158020 

Portion  soluble  in  acids  —  Cont'd. 
Oxide  of  tin  

0.  001500 
Trace 

0.  005000 
0.  008000 
1.955000 
4.  529600 
1.  661024 
0.835119 

0.  001500 
Marked 
trace 
0.  012400 
0.  034000 
1.  620000 
5.  473000 

Selenions  and  tellurons  acids  

P                Of  icaii 

0.  206310 
0.  045400 
0.  002990 
(r.  523390 
0.  174660 
0.  008510 
0.  118500 
0.  010700 
0.  082900 
0.  195000 
0.  140000 
0.  290000 
0.  912500 

y 

O    -i  dide  of  lead 

Carbonate  of  lime  

f     1  i  m 

1.  303000 
1.  464000 

of  zinc 

Chloride  of  aluminium  

67.  699450 

15.  126553 
2.  407000 
2.  391447 
9.  240000 

74.  677938 

Portion  insoluble,  in  acids.1 

Silica  (from  slag  and  silicate  of  lead) 
Silica  (from  qnartz  and  refractory 

9.  704500 
3.  780000 

Water  

Total  

2.  803050 

2.  883580 

AIsOs,  FesOa,  PbO,  ZnO,  MgO,  CaO, 
KiO,  NaiO  (combined  with  SiOj). 
Carbon  (from  charcoal,   coke,   and 

Portion  soluble  in  acids. 
Oxide  of  lend  

17.  816661 
7.  954000 
1.  059348 
1.  255000 
I.  726700 
0.  185790 
0.  004900 
0.  142712 
0.  037670 
0.  002580 
0.  000100 
0.  400000 
7.  855290 
13.  814050 
0.  015000 

Traces 
3.  795270 
0.  020000 
0.  082380 
0.  300000 
1.  903500 
0.  233256 
0.  100000 

22.  451750 
8.  898730 
2.  783600 
8.  215000 
1.  725620 
0.  185080 
0.  004880 
0.  132730 
0.  035040 
0.  002540 
0.  000066 
0.  200000 
6.  100000 
11.  491000 
0.  101000 

Traces 
1.  454000 
P.  014000 
Trace 
Trace 
0.  750000 
0.  120000 
0.  105000 

5.  063000 
0.  907000 
0.  100000 
Traces 

0.  215000 
Trace 
0.  150000 
0.  08COOO 
1.  0070CO 
0.  600400 
Trace 
0.  001000 
0.  035000 
0.  025000 
0.  665000 

Sulphate  of  lead  

Phosphate  of  lead  

Sulphide  of  lead  

Arsenious  acid  and  oxide  of  nnli- 
mony. 

Bromide  of  lead  

Iodide  of  lead  

Chloride  of  silver  

Bromide  of  silver  

Maenesia 

Iodide  of  silver  

Gold  

am. 

Protosulphide  of  iron  

Protoxide  of  iron  

'I      8 

Peroxide  of  iron  

an       c 

Oxide  of  bismuth  

Oxides  of  iBdinm,    thallium,    new 

Graph!  te            

Total  

29.  165000 

22.  332900 

Portion  solnMe  in  water  

2.  803.150 
67.  699450 
29.  165000 
0.  332500 

2.  883580 
74.  077930 
22.  332900 
0.  105584 

•n^hide  of  zinog 

O   'd                              (MO) 

Arsenious  acid  

100.  000000 

100.  000000 

1  The  quantitative  analysis  of  the  insoluble  portion  of  Analysis  XXXIII  was  only  ronghly  made,  but  the  qualitative 
analysis  of  this  portion  was  done  carefully.  The  bases  combined  with  silica  are  the  same  as  those  combined  with  silica  in 
the  insoluble  residue  of  Anal >-eia  XXXIV. 
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Discussion. — Both  samples  of  chamber-dust  were  examined  very  carefully  for  flu- 
orine. If  this  substance  existed  in  the  camp  it  is  here  that  it  would  be  concentrated; 
but  no  trace  even  was  detected.  Some  estimations  were  made  of  both  selenium  and 
tellurium,  but  the  results  were  considered  as  too  high,  and  traces  only  are  reported. 
The  estimation  of  both  these  substances  in  such  mixtures  as  those  of  the  flue-dust  is 
too  complicated,  when  traces  only  are  in  question,  to  devote  much  time  to  it.  However, 
both  selenium  and  tellurium  have  been  handled  in  small  quantities,  and  the  writer 
feels  perfectly  sure  of  their  existence.  He  also  feels  assured  that  both  exist  in  the 
state  of  seleuious  and  tellurous  acids.  It  is  a  somewhat  singular  fact  that  baryta 
was  carried  in  the  fumes  in  the  state  of  silicate  of  baryta,  a  trace  only  of  sulphate  of 
baryta  being  found.  One  is  almost  tempted  to  come  to  the  conclusion  that  certain 
silicates  are  volatile. 

The  sulphides  of  iron,  zinc,  And  manganese  were  estimated  by  means  of  the 
quantity  of  sulphureted  hydrogen  evolved  when  the  dust  is  treated  by  weak  .acids.  No 
molybdenum  could  be  detected,  although  it  will  be  seen  that  it  is  constantly  present 
in  the  blast  furnaces.  Cadmium  could  not  be  estimated  by  the  classical  methods,  and 
it  was  in  examining  the  zinc  obtained  in  the  course  of  the  analysis  that  this  metal  was 
found.  The  formula  of  the  oxychloride  of  lead  found  in  the  portion  of  the  dust  solu- 
ble in  water  is  3PbO,  PbCl2,  the  oxybroniide  and  iodide  having  the  same  formula. 

In  all  probability  the  chloro-broino-iodide  of  lead  found  in  the  portion  of  the 
fumes  insoluble  in  water  and  soluble  in  acids  exists  in  combination  with  a  very  large 
excess  of  oxide  of  lead,  and  also  in  combination  with  phosphate  and  sulphide  of  lead. 
The  fumes  were  not  examined  spectroscopically  for  indium  and  thallium,  so  that  there 
is  some  doubt  about  the  presence  of  these  metals.  However,  the  writer  is  almost  cer- 
tain that  he  has  perceived  the  characteristic  oxysulphide  of  indium  and  observed  in 
several  instances  the  green  flame  of  thallium. 

The  now  metal  which  the  writer  was  fortunate  enough  to  observe  and  to  trace 
out  in  all  the  fumes  has  only  been  seen  in  such  minute  quantities  that  further  inves- 
tigation on  quite  a  large  scale  is  absolutely  necessary,  in  order  to  isolate  it,  to  study 
its  properties,  and  to  place  its  existence  beyond  doubt.  It  has  been  possible,  however, 
to  find  already  three  characteristic  properties : 

1.  The  oxide  of  the  new  metal  gives  a  beautiful  blue  color  to  a  bead  of  borax 
placed  in  the  ordinary  flame  of  the  blow-pipe,  and  the  bead  becomes  perfectly  color- 
less in  the  reduction  flame. 

2.  The  sulphide  of  the  new  metal  is  slightly  soluble  in  sulphide  of  ammonium, 
and  the  solution  takes  a  characteristic  blue  tinge. 

3.  The  iodide  of  the  new  metal  has  a  flue  rich  pink  color  when  in  solution. 

It  may  also  be  added  that  in  one  instance  the  sulphide  of  the  new  metal  was 
obtained  in  a  state  of  great  purity,  and  that  this  sulphide  was  very  fusible  and  had 
a  deep  brown  color. 

Although  a  great  many  substances  are  carried  away  physically  in  virtue  of  their 
volatility,  and  others  mechanically  by  the  force  of  the  blast,  it  seems  pretty  clear  from 
the  inspection  of  the  analyses  that  some  very  complicated  reactions  take  place  in  the 
furnace,  by  means  of  which  some  substances  are  carried  away  in  the  state  of  volatile 
compounds  and  deposited  in  the  dust  in  their  original  non-volatile  form.  In  all  prob- 
ability copper,  titanic  acid,  tin,  aluminium,  magnesium,  and  silicium  are  carried  away 
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in  the  state  of  chloro-bromo-iodides  and  sulphides  formed  by  the  action  of  chloro- 
bromo-iodide  of  lead  and  silver,  and  of  sulphide  of  lead  in  presence  of  carbon,  on  the 
non-volatile  oxides.  The  volatile  chlorides  and  sulphides  thus  forn  ed  are  afterwards 
decomposed  by  water,  when  the  steam  which  accompanies  the  fumes  condenses.  These 
reactions,  which  might  appear  doubtful  from  the  examination  of  the  chamber-dust 
alone,  are  forcibly  demonstrated  by  the  analysis  of  that  portion  of  the  fumes  which  is 
not  condensed  and  -which  escapes  into  the  atmosphere.  (See  Analysis  XXXVI.) 

Roasted  dust — At  one  smelter  the  flue  and  chamber  dusts  are  roasted,  previous 
to  resmeltiug,  in  the  roasting  furnace,  which  is  spoken  of  in  the  description  of  this 
smelter.  This  operation  is  probably  carried  on  with  a  view  to  getting  rid  of  the  large 
proportion  of  arsenic  which  is  erroneously  supposed  to  exist  in  the  dust.  Whatever 
may  have  been  the  object  of  the  superintendent  of  this  smelter  in  performing  this 
costly  operation,  if  the  composition  of  the  chamber-dust  of  this  smelter  is  compara- 
ble to  that  of  the  others,  the  influence  of  roasting  on  chamber-dust  can  be  easily  seen 
by  comparing  Analysis  XXXV  of  the  roasted  dust  with  Analyses  XXXIII  and 
XXXIV. 

The  sample  analyzed  in  XXXV  is  chiefly  formed  of  roasted  dust,  but  it  contains 
also  a  little  uuroasted  dust,  which  had  been  spread  over  the  roasted  dust  taken  out  of 
the  roasting  furnace.  The  specimens  mixed  for  analysis  were  in  friable  whitish  and 
reddish  masses,  containing  scarcely  any  charcoal  or  coke  dust.  The  elementary  anal- 
ysis was  made  like  those  of  the  chamber-dust,  and  the  different  portions  analyzed  are 
in  the  following  proportions : 

Portion  soluble  in  water 1. 16583 

Portion  soluble  in  acids 85.  48129 

Portion  insoluble  iu  acids 13.29600 

Loss 0.05683 


Total 100.00000 

ANALYSIS  XXXV.  ROASTED  CHAMBER  DUST. 
Elementary. 


Lead  

53  130100 

Silver  

0  112000 

Gold  

0  000°00 



0  0514^0 

Chlorine 

Zinc  

1  479920 

<  .'  ;u  1  m  ium  

0  004800 

Iron  

8  894900 

0  551970 

Copper  

0  115600 

Arsenic  

0  210000 

Potauh 

Antiinoov  1  

0.  092040 

Tin  

0  003478 

Soda  

c 

Indium  thallium  new  metal 

Phosphoric  acid  

0  319800 

Carbonic  acid  

Trace 

Titanic  acid  

0  055800 

100.  OOOOOC 

Silver  ounces  to  ton.. 

32.  (iCG 

Gold  do 

0  058338 
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ANALYSIS  XXXV.  ROASTED  CHAMBER  DUST  —  Continued, 
national. 


Portion  soluble  in  water. 

0.  105970 

Portion  soluble  in  acids—  Continued. 

0  039270 

0.  023270 

0  002390 

0.  001620 

Oxide  of  <"t<huium  

0.  005500 

0.  016000 

Gold 

0  000°00 

0.  036100 

0.  277000 

0.  447440 

12  02COOO 

0.049050 

0  746000 

0.  013650 

1  044000 

0.  083080 

0.  032870 

Traces 

0.  001370 

Chloride  of  sodiom  

0,  13C460 

C.  225000 

P     f              nl   hi*  '     firid 

Total                                                 .  . 

1.165880 

f      i            >  n        n 

Silica  (combined)                         ...  . 

8.  33"000 

Portion  soluble  in  acids. 

Silica  (quartz)  

1.500000 

Oxide  of  lead               ..          .           

22  09°080 

Oxide  of  Ifii  1 

0  690000 

Phosphate  of  lead  

1  826460 

0.  000200 

37  443000 

0  000300 

Snlph  ide  of  lead   

3  6762°0 

0  000100 

Chloride  of  lead  

2.  105760 

0.018000 

Bromidu  of  lead  

0.236140 

0.687000 

Iodide  of  lead  

0  000230 

0  100400 

Oxide  of  antimony  

0  117000 

0.  072COO 

Oxide  of  tin  

0.004300 

0.  035000 

0  144500 

0.026000 

Oxide  of  zinc  

1.810000 

Trace 

1    "-'4o.m 

Potash  

0  025000 

Soda  

0.015000 

0  037800 

Carbon  (from  charcoal  and  cote)  

1.505000 

Graphite  

0.290000 

0  122640 

Tote!                  -  - 

13  296000 

Discussion,  —  Everything  indicates  that  the  dust  was  roasted  at  a  very  high  tem- 
perature, and  this  is  proved  beyond  doubt  by  the  fact  that  traces  only  of  carbonic 
acid  are  detected. 

Ou  comparing  this  analysis  with  the  average  analysis  (XXXIV)  of  unroasted 
chamber-dust,  it  is  found  that  the  percentage  of  lead  is  considerably  increased,  but 
that  a  considerable  quantity  of  silver  is  lost.  One  notices,  also  that  the  quantity  of 
chloriue,  bromine,  and  iodine  is  about  half  what  it  was  in  the  average  sample  of  dust. 
Coupling  this  with  the  loss  of  silver,  it  may  justly  be  inferred  that  silver  is  lost  in  the  state 
of  chloro-bromo-iodide,  and  that  some  lead  is  also  lost  in  the  same  form.  The  quantity 
of  phosphate  of  lead  has  also  diminished  instead  of  increasing,  showing  that  lead  is 
also  lost  in  this  form.  The  percentage  of  arsenic  and  antimony  is  lower  than  in  the 
unroasted  dust,  but  this  appears  to  be  the  only  advantage  gained  by  roasting,  and  a 
very  slight  one  it  is  in  these  cases.  Sulphur,  instead  of  being  driven  off  by  roasting, 
is  concentrated  in  the  form  of  sulphate  of  lead,  amounting  to  37  per  cent.,  and  repre- 
senting 5  per  cent,  of  sulphur  instead  of  2  per  cent.,  as  in  the  chamber-dust.  Lastly, 
about  9  per  cent,  of  carbon  is  driven  off  at  great  expense.  This  carbon  is  so  intimately 
mixed  with  the  original  dust  that  by  simple  heating  in  the  blast  furnace  there  would 
be  more  than  enough  of  it  to  reduce  all  the  lead  of  the  fumes.  In  fact,  everything  in- 
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dicates  that  roasting  chamber-dust  in  Leadville  is  a  useless  and  a  ruinous  operation, 
by  which  nothing  is  gained  and  by  which  many  valuable  substances,  lead,  silver,  fuel, 
etc.,  are  lost,  at  great  expense.  It  is  only  fair  to  state  once  more  that  roasting  of 
chamber  dust  has  only  been  done  at  one  smelter.  The  analyses  show  that  the  mis- 
chievous substances  of  chamber-dust  are  not  arsenic  and  antimony,  but  chlorine, 
bromine,  iodine,  and  phosphoric  acid.  Analysis  XXXVI,  of  the  portion  of  lead  fumes 
lost  in  the  atmosphere,  will  further  demonstrate  this  statement.  A  priori,  the  best 
way  of  treating  lead  dust  and  fumes  is  to  resmelt  them  with  an  excess  of  lime,  in 
order  to  fix  the  volatile  constituents  by  combination  with  calcium  and  lime.  This  is 
precisely  what  is  done  in  practice  at  most  of  the  smelters,  the  only  improvement  that 
might  be  suggested  being  the  use  of  pure  lime  instead  of  the  maguesiau  lime  of  Lead- 
ville ;  but  the  writer  thinks  the  general  use  of  caustic  lime  instead  of  limestone  would 
be  of  great  advantage  to  smelting  at  Leadville,  since  the  chloro-bromo-iodo  phosphates 
of  lead  are  driven  off  in  the  state  of  fumes  in  the  furnace,  before  limestone,  by  the  loss 
of  carbonic  acid,  has  become  caustic  and  thus  acquired  the  power  of  acting  chemically 
on  the  fumes  with  which  it  comes  in  contact. 

Lead  lost  in  fumes. — At  the  time  the  writer  was  collecting  notes  and  specimens  for 
this  report,  it  happened  fortunately  that  experiments  were  being  made  with  the  Bart- 
lett  smoke-filter  (described  on  page  073),  at  the  Grant  smelter,  for  the  purpose  of  con- 
densing that  portion  of  the  lead  fumes  which' escapes  with  the  smoke  into  the  atmos- 
phere. A  fine  opportunity  was  thus  had  of  making  a  thorough  investigation  of  that 
part  of  the  smelting  products  which  is  always  lost  at  all  the  smelters.  The  analysis 
of  these  fumes  proves  to  be  the  most  interesting  by  far  of  all  those  made  on  lead  dusts, 
since  they  are  not  only  richer  in  lead  than  any  of  the  others  and  contain  more  silver 
than  the  average  Leadville  slag,  but  they  show  also  other  remarkable  peculiarities,  as 
an  inspection  of  the  following  analysis  will  show.  They  have  exactly  the  appearance 
of  soot  or  lampblack. 

ANALYSIS  XXXVI.  FUMES  FROM  BARTLETT  FILTER. 
Elemintary. 


Lead                           

60.370150 

0  141300 

0.  014750 

0  16>COO 

G-old                             

1  113672 

4.  638410 

0  208900 

0.  001310 

Tiu  

0  160J70 

1.  22766U 

Lime  

2  756990 

0.  311420 

0.  060600 

0  4°1000 

0.  124000 

Potash  

0  007000 

0.  174600 

Chlorine   

Soda                      .                             

0.  013000 

0  79S930 

Water                     .              

0.  912500 

0  043630 

3  057510 

2  03S400 

0.  060000 

0  009°00 

Titanic  acid  

0.  000500 

Silica  

3.  279300 

OiyRen  

3.  39317S 

Sulphur  

5.  320540 

a  The  soot  contains  also  a  trace  of  graphite. 
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ANALYSIS  XXXVI.  FUMES  FROM  BARTLETT  FILTER — Continued. 
national. 


Portion  soluble  in  water. 

3.  203400 
0.704600 
0.  348340 
0.  057000 
0.  537200 
0.184300 
0.  012400 
0.  060300 
0.623200 
0.176000 
0.007660 
Trace 
Trace 
0.446600 
0.288380 
0.104000 
0.080670 
0.020240 
u.  :.;!*:in 
0.423930 
0.  912500 

Portion  loluble  in  acidt—  Continued. 

1.406680 
6.  357000 
0.  491960 
0.  001500 
1.  470000 
0.250000 
0.203850 
Traces 
0.  220200 
4.853200 
1.  700300 
1.008490 
Traces 

Oxide  of  tin  (SnOi)  • 

Selenions  and  telluroua  acids  

Iodide  of  zinc 

g. 

Chloride  of  aluminium  

83.884750 

Portion  injofaMt  in  acidt. 
Silica 

3.279300 
0.000500 
0.  142800 
0.004800 
0.034000 
0.200800 
0.039200 
0.010000 
0.007000 
0.013000 
Traces 
3.365000 

Chloride  of  magnesium  

Bromide  of  magnesium  

Chloride  of  potassium  

Chloride  of  sodium  

Water  

9.058650 

Portion  loluble  in  aciJt. 

28.176900 
11.641800 
ia  899160 
6.  341150 
0.750000 
0.032460 
0.  017890 
0.002060 
0.000150 
Faint  trace 

Potash  

Soda  

MnO>,  A»Oj,  SnO,,  SbiOi  

Carbon  (soot)  

Bromide  of  lead  

Total 

7.096400 

Iodide  of  lead 

Portion  soluble  in  water...  

9.058650 
83.884750 
7.096400 

pint  inn  soluble  in  acids  

Portion  insoluble  in  acids  

Gold  

Total 

100.  039800 

Discuasion.  —  The  combinations  in  which  lead  exists  in  these  fumes  and  their  vola- 
tility is  most  remarkable.  To  appreciate  this  fully  one  must  remember  that  the  fumes 
were  filtered  at  a  distance  of  nearly  200  feet  from  the  blast  furnace.  The  above 
analysis  shows,  besides  9  per  cent,  of  chloro-bromo-iodide  of  lead,  18  per  cent,  of 
sulphides  iu  combination  with  the  chloro  bromo-iodides,  and  11  to  12  per  cent,  of 
phosphate  of  lead,  proving  a  most  surprising  volatility  for  the  two  latter  combinations. 
The  percentage  of  lead  as  oxide  is  relatively  low  as  compared  with  other  dusts.  Itis  most 
worthy  of  remark  that  the  iron,  manganese,  zinc,  and  cadmium  must  be  in  the  state 
of  sulphides  and  also  have  an  unusual  degree  of  volatility.  That  these  fumes  should 
be  richer  in  arsenious  acid  than  the  ordinary  chamber  dust  might  have  been  expected, 
but  that  they  should  have  carried  off  tin  and  titanic  acid  is  most  remarkable.  Silica 
being  combined  with  the  lead  as  silicate  of  lead  shows  that  this  combination  is  al.-o 
volatile. 
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The  low  barometric  pressure  at  Leadville,  which  is,  on  an  average,  nine  inches  to 
ten  inches  of  mercury  less  than  that  at  sea  level,  explains  in  a  great  measure  the 
extraordinary  volatilization  of  so  many  products ;  but  the  fact  that  non-volatile  sub- 
stances are  carried  away  in  the  state  of  volatile  compounds,  and,  so  to  speak,  repre- 
cipitated  in  a  non-volatile  form,  is  abundantly  proved  by  the  fact  that  this  smoke  con- 
tains chloro-bromo-iodides  of  calcium,  magnesium,  and  aluminium,  and  still  more  by  the 
fact  that  it  contains  more  tin  than  any  other.  Most  surprising  of  all  is  the  small  per- 
centage of  oxygen  and  the  large  percentage  of  sulphur,  as  compared  with  the  amounts 
of  both  substances  in  flue  and  chamber  dusts. 

SPEISS. 

The  speiss  formed  in  the  blast  furnaces  of  Leadville  belongs  to  three  types :  1. 
The  white  metallic-looking  speiss,  in  large  lamellar  crystals,  studded  all  over  with 
very  small,  indistinct  crystals.  2.  The  grayish  sub-metallic  looking  speiss,  in  fine  crys- 
talline grains.  3.  The  vesicular  speiss. 

It  will  be  seen  that  iron  sows  belong  also  to  the  speiss  family,  being,  so  to  speak, 
embryonic  speiss. 

A  specimen  of  type  No.  1,  taken  from  a  cake  at  Messrs.  Billing  &  Eilers's  smelter 
and  made  from  dolomitic  smelting  charges,  contained  only  a  few  grains  of  metallic  lead 
and  none  of  metallic  iron.  The  lead  grains  were  separated  by  the  sieve,  and  the  speiss 
powder  being  analysed  gave  the  composition  reported  in  Analysis  XXXVII.  This 
speiss  has  such  a  characteristic  appearance  that  it  mayte  assumed  that  similar  speiss 
found  at  the  other  smelters  possesses  the  same  composition. 

No.  XXXVIII  is  the  analysis  of  a  sample  representing  type  No.  2,  composed  of 
equal  parts  of  specimens  taken  from  different  smelters,  as  indicated  below: 


Smelter. 

No.  of  spec- 
imens for 
analysis. 

3 

1 

Klein 

1 

Grant 

1 

La  Plata 

1 

Little  Chief         ..                    ... 

1 

2 

Ilillin"1  &  Eilers        ..         ..                  ... 

1 

Total  number  of  specimens  mixed  for  analysis.  .. 

11 

By  sifting,  the  speiss  was  separated  into— 

Speiss  powder 98.21 

Lead  grains 1. 22 

Iron  grains 0. 57 


Total 100.00 

The  non-combined  iron  grains  did  not  contain  any  arsenic  and  were  very  tough; 
the  lead  was  also  very  pure.    The  speiss  powder  only  was  analysed. 
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The  sample  of  vesicular  speiss  was  made  up  of  equal,  parts  of  nine  specimens, 
collected,  three  at  the  American  smelter,  two  at  the  Harrison,  four  at  the  Ohio  and 
Missouri. 

By  sifting,  it  was  separated  into — 

Speiss  powder 90. 17 

Iron  grains 9. 83 

Lead  grains Trace 


Total 100.00 

The  iron  grains  are  also  perfectly  free  from  arsenic  and  very  tough.  The  speiss 
powder  of  this  sample  was  not  analyzed,  as  in  all  probability  its  composition  is  the 
same  as  that  of  type  No.  2 ;  but  it  was  assayed  for  gold  and  silver.  (See  speiss  assay 
No.  5.) 

Conclusions. — The  sieve  examination  of  speiss  shows:  1.  That  speiss  type  No.  1 
contains  no  free  iron  and  is  a  noil-saturated  speiss.  2.  That  speiss  type  No.  2  contains 
just  enough  iron  in  excess  to  indicate  that  it  is  saturated  with  iron.  3.  Lastly,  vesicu- 
lar speiss  type  No.  3  contains  a  very  large  excess  of  free  iron.  It  is  a  supersaturated 
speiss,  whose  fusion  has  been  prevented  by  this  excess  of  infusible  iron. 

The  writer  made  three  comparative  experiments  on  the  fusibility  of  the  three 
kinds  of  speiss.  In  each  case  the  pulverized  speiss  was  mixed  with  borax  in  a  porce- 
lain crucible,  heated  over  the  blast-lamp,  properly  regulated  to  operate  as  nearly  as  pos- 
sible in  the  same  conditions.  Speiss  types  No.  1  and  No.  2  melted  easily,  and  no 
appreciable  difference  could  be  detected  in  their  melting  point.  Speiss  type  No.  3  was 
melted  with  more  difficulty  than  the  preceding  and  formed  a  vesicular  button,  show- 
ing incomplete  fusion. 

ANALYSES  XXXVII  AXD  XXXVIII.  SPEISS. 


XXXVII. 

XXXVIII. 

5  8191 

4  4695 

31  4725 

21.8003 

0  1450 

GO  5780 

70  4780 

Zinc     

Trace 

Silver    

0.0085 

0.  0301 

Gold 

Faint  trace 

0  0009 

Lead 

1.4935 

2  5030 

0.3628 

0  2566 

Nickel 

0  0876 

0  0981 

0  2110 

0  2151 

Loss         

0.0030 

Xotal   

100.0330 

100.0000 

2.48 

8.7822 

Gold                              do 

0  20 

Discussion. — The  formula  of  the  large  crystalline  speiss  analyzed  in  XXXVII  is 
(FeM)6AsS,  M  designating  the  small  quantities  of  metals  accompanying  iron,  and  the 
rational  formula  is  probably  represented  by  FesAs(FeM)S. 

The  fine-grained  speiss  analyzed  in  XXXVIII  is  represented  by  the  formula 
(FeM)9AsS,  and  probably  by  the  rational  formula  Fe8As(FeM)S. 
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The  powder  of  the  vesicular  speiss  was  riot  analyzed,  as  bus  beeu  stated  before, 
but  it  is  probable  tbat  its  composition  and  formula  are  the  same  as  that  of  the  preced 
ing,  since  both  are  saturated  speiss  and  contain  an  excess  of  uou  combined  iron. 
However,  both  cannot  be  considered  as  mere  mixtures  of  definite  arseuio-sulphu- 
rets  of  iron  and  iron,  for  both  the  iron  and  the  arsenio-sulphuret  are  crystalline,  and 
they  are  in  all  probability  crystallographic  compounds.1  It  has  been  seen  that  slags 
were  similarly  crystallographic  compounds.  It  will  be  seen  that  mattes  also  are  crys- 
tallographic compounds.  A  few  remarks  will  be  made  with  regard  to  slag-mattes,  which 
form  the  highest  expression  of  this  class  of  substances,  so  that  in  almost  every  stage 
of  the  smelting  operations  crystallographic  compounds  are  the  regular  products  of  the 
blast  furnaces. 

The  speisses  analyzed  are  remarkable  on  account  of  — 

1.  The  presence  of  antimony  in  such  very  small  quantities,  whilst  it  exists  in  the 
smelting  charges,  aud  is  formed  in  no  inconsiderable  quantity  in  the  bullion,  the 
fumes,  etc. 

li.  The  presence  of  molybdenum  in  each  and  sensibly  in  the  same  amount,  show- 
ing how  widely  aud  evenly  distributed  this  metal  is  in  the  camp.  In  the  writer's 
opinion  it  is  the  first  time  molybdenum  has  beeu  pointed  out  in  speiss.  It  is  so  thor- 
oughly concentrated  in  this  product  that  it  was  not  possible  to  detect  it  in  eithei 
bullion,  slag,  or  fumes. 

3.  The  total  absence  of  cobalt,  which,  as  has  been  observed,  is  concentrated  in 
the  skimmings  of  the  lead  of  the  siphon-tap,  and  thus  thoroughly  separated  from 
nickel,  which,  as  the  preceding  analyses  show,  remains  in  the  speiss. 

Assays  of  speiss  for  gold  and  silver — in  order  to  complete  the  study  of  the  Leadville 
speiss,  the  following  assays  were  made  of  speiss  belonging  to  the  three  different  types 

in  the  Survey  laboratory  : 

TABLE  XIII. — Angays  of  u 


Xo. 

1 

2 

3 

4 
5 

Sobers.                           *£"•' 

No.  of  speci- 
mens uiised 
tor  assay. 

Silver 

Gold. 

Billing  &  Kiln-                                    ] 

p 

J    q   1 

"> 

|» 

1  3  ) 

Oz.  to  ton. 
2.48 

11.95 

15.25 

Oz.  to  ton. 
Traco 
Trai'O 

0.006 

do    . 

J  Elgin    

[LaPlata  J 

9.  89K               0.  022 

r  Little  Chief                 \ 

i] 
1 

1 
3 
1 
1 
1 
l2J 

f3! 
r 
hj 

> 

8.7822 
40.  035 

0.26 
0.  0479 

La  Plata  

Grant  

4  Billing  &Eiler8                            >    Type  No.  2.. 

Elgiu  1 

1  Ohio  and  Missouri  J 

f  American  "] 

<  Harrison  *•    Type  No  3 

1  Exactly  what  Mr.  Gnyard  means  by  the  term  crystaJIoyraphic  compounds  1  am  not  able  to  state. 
(S.  F.  E.) 
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To  complete  this  examination  the  powder  and  metallic  grains  of  vesicular  speiss 
No.  5  were  tried  separately,  with  the  following  results: 


Silver. 

Gold. 

Oz,  to  ton. 

Oz.  to  ton. 

Speiss  powder  .  .  . 

43.705 

O.MS 

Metallic  grains  ... 

12.  675 

0.  075 

Discussion. — Ithas  been  seen  that  types  No.  I  and  No.  2  contain  sensibly  the  same 
amount  of  precious  metals,  but  why  type  No.  3  should  contain  such  a  large  quantity 
of  silver  as  40  ounces  the  writer  is  not  prepared  to  explain.  The  fact  that  the  silver 
is  contained,  not  in  the  metallic  grains,  as  might  have  been  supposed,  but  in  the  speiss 
itself,  renders  the  explanation  more  difficult  yet. 

Speiss  No.  2  (type  No.  1),  from  Messrs.  Billing  &  Eilers's  smelter,  was  made  in 
connection  with  dolomitic  slag.  The  difference  in  the  contents  of  silver  is  very  large, 
and  is  probably  due  to  a  corresponding  difference  in  the  assay  of  the  bullion  extracted 
at  the  same  time. 

IRON   SOWS  OB   SALAMANDERS. 

The  sows,  or  small  masses  of  reduced  metallic  iron,  which  are  formed  occasion- 
ally in  the  blast  furnaces,  on  being  analyzed  prove  to  be  a  variety  of  speiss.  The 
writer  expected  some  important  results  from  their  examination,  for  the  reason  that 
metallic  iron  reduced  in  the  blast-furnaces  becomes  the  center  of  the  most  important 
chemical  reactions,  and  lhat  here  was  an  opportunity  of  observing  the  various  com- 
ponents of  the  smelting  charges  in  the  very  act  of  combination. 

The  sample  submitted  to  analysis  was  prepared  from  a  great  variety  of  speci- 
mens— two  from  the  Little  Chief,  three  from  Gage,  IJagaman  &  Co.,  and  four  from  the 
California  smelter. 

The  specimens  from  the  California  smelter  were  taken  from  three  sows  of  vr-ry 
tough  metal,  and  measuring  1  foot  G  inches  by  10  inches  by  1  foot,  and  also  1  foot  G 
inches  by  10  inches  by  5  inches.  One  of  these  sows  was  impregnated  with  the  peculiar 
slag  which  has  been  described  under  the  name  of  scoria.  One  of  the  specimens  of 
reduced  iron  was  extracted  in  small  bits  from  the  very  midst  of  a  slag,  where  it  was 
found  side  by  side  with  small  bits  of  spciss.  which  were  perfectly  fused,  but  which  had 
not  had  time  to  collect  together.  A  similar  specimen  was  extracted  from  a  slag  found 
at  the  Little  Chief  smelter.  All  the  specimens  of  sows  were  full  of  large  cavities,  filled 
with  charcoal,  coke,  slag,  scoria,  and  regular  speiss.  The  sample  analyzed  was  pre- 
pared by  pounding  bits  detached  from  the  sows  until  no  dust  could  be  obtained,  so 
that  it  is  the  toughest  portion  of  the  sows  that  has  been  analyzed.  The  metal  forming 
the  sows  is  sometimes  rather  brittle,  but  is  also  often  very  tough.  Tough  or  brittle, 
however,  when  broken  it  exhibits  a  decidedly  crystalline  structure,  the  crystals  being 
almost  large  enough  to  be  measured,  and  the  metal  itself  is  perfectly  white  and  bright. 
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ANALYSIS  XXXIX.  IRON  sow. 


72.  82830 

Silver 

0  11492 

18.  79340 

Gold 

0  00003 

5  08330 

0  10905 

Xickel                

0  04500 

Graphite 

0  75000 

Cobalt     

0  55000 

0.  01500 

0  90000 

Antimony  

Faint  trace 

r 

Fa'    t  t 

Zinc 

Silver  ounces  to  ton  .  . 

33.  51750 

1  Gold  do  

«0.  00875 

0.  65000 

aln  order  to  obtain  a  fair  average  assay  of  silver  anil  gold  tho  assay  was  made  on  200 
grams,  which  explains  why  gold  ia  given  to  tho  i^Vco  of  an  ounce  to  the  ton. 

• 

Analysis  XXXIX  shows  that  the  sows  are  an  alloy  of  iron  and  lead  combined 
with  a  quantity  of  arsenic  sufficient  to  class  them  with  speiss.  Like  the  latter,  sows 
contain  nickel,  molybdenum,  and  sulphur.  Their  graphite  is  liberated  when  their  iron 
enters  into  combination  with  larger  quantities  of  sulphur  and  arsenic,  and  is  Wown 
away  with  the  lead  dust  where  it  has  been  found.  Like  supersaturated  speiss,  sows 
are  very  rich  in  silver.  The  fact  that  they  contain  traces  of  cobalt,  which  cannot  be 
detected  in  speiss,  shows  that  this  metal  is  forcibly  taken  away  by  virtue  of  a  reaction 
which  is  not  yet  understood,  although  one  is  inclined  to  presume  that  sulphide  of 
cobalt  is  formed,  and  that  it  combines  more  readily  with  sulphide  of  lead  than  with 
arsenide  of  iron. 

MATTES. 

The  examination  of  the  mattes  of  Leadville  proved  so  surprising  to  the  writer 
that  he  accumulated  all  possible  proofs  in  order  to  have  no  doubts  as  to  their  nature. 
It  will  be  seen  that  they  are  formed  of  sulphides  of  iron  and  lead  and  magnetic  oxide 
of  iron.  It  was  in  order  to  demonstrate  the  piesence  of  this  oxide  that  experiments 
and  reactions  were  varied  in  every  possible  way,  which  were  discarded  afterwards, 
and  became  useless  when  the  magnetic  oxide  of  iron  was  successfully  isolated  in  the 
pure  crystalline  state.  Thus  mattes  are  formed  of  sulphides  and  oxides,  and,  like 
most  furnace  products,  they  are  crystaUograpliic  combinations  of  chemical  compounds. 

A  careful  examination  was  made  of  the  two  typical  kinds  of  mattes  of  Leadville. 
The  so-called  iron  matte,  with  a  fine  crystalline  structure  and  a  brown  luster,  was  col- 
lected at  Messrs,  dimming  &  Finn's  smelter  (Analysis  XL).  The  so  called  lead 
matte,  blackish  gray,  with  a  decided  crystalline  structure,  was  found  at  the  Elgin 
smelter  (Analysis  XLI).  Both  specimens  were  slightly  swollen  and  split  by  a  begin- 
ning of  oxidation.  Both  yield  strongly  magnetic  particles  to  the  magnet,  which  were 
at  first  mistaken  for  magnetic  sulphides.  By  rubbing  the  magnetic  portion  on  filter 
paper,  isolating  with  the  magnet,  repeating  the  operation  several  times,  and  finally 
treating  it  -with  nitric  acid,  in  order  to  destroy  some  sulphides  which  adhere  to  it, 
the  pure  magnetic  oxide  is  obtained.  Whether  the  adhering  sulphides  are  magnetic 
or  not  could  not  be  decided.  The  pure  magnetic  oxide  was  not  analyzed,  but  there  is 
but  little  doubt  that  its  formula  is  the  same  as  that  of  the  oxide  isolated  from  slags, 
namely,  Fe7O9. 
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ANALYSES  XL  AND  XLI.  MATTES. 
Elemen  tary. 


XL. 

XLL 

XL. 

XLI. 

Portion  soluble  in  water. 

0  037895 

0  030 

Portion  soluble  in  acids.  —  Cont'd. 
Gold 

J      do      jron 

0  034105  i 

0  098 

1.  143700 

0.220 

0.  27b277 

0.855 

0  219906 

0  131 

Portion  soluble  in  acids. 

Trace 

0.270 

24  257340 

19  350 

4.500000 

0.  230 

Portion  insoluble  in  acids. 

48.906300 

40.430 

Slag  

0.  137000 

0.140 

N.III. 

0.067 

Low  

0.093811 

0.039 

Lead  .'  

20.  10000U 

31.  970 

Silver  

0.  291666 

0.240 

I 

Hittioiial. 


XL. 

XLI. 

XL. 

XLI. 

Portion  soluble  in  water. 

0.072000 

56.  151056 
23.  192307 
16.  312500 

9.058 

37.440 
36.  912 
22.820 
0.330 
0.102 
1.  •->-• 
0.  214 

Portion  soluble  inacids.—  Cont'd. 

• 

Trace 
0.334875 
Trace 
1.300730 

0.  137000 
0.  093811 

0.376 
0.275 
Trace 
Trace 

0.140 
0.039 

Portion  toluble  in  acid*. 

Iron  (combined  with  KeSj)  
Portion  insoluble  in  acids. 
Slag 

Sulphide  of  nickel   

None 
0.  347840 
0.  290275 

LOB»  

Sulphide  of  copper  

100.0000CO 

ICO.  000 

The  writer  ha*  described  in  the  Bulletin  <le  la  Suciete  Chimique  de  Paris  a  peculiar  mineral  Ibinied  of  arsenic 
aulphuret  of  nickel  and  chrome-iron  oxide,  which  cci  tuinl y  prchents  a  great  analogy  with  the  mattes. 

Lead  aud  iron  mattes  arc  not  the  only  ones  which  form  iu  the  furnace.  A  thud 
one,  which  is  much  more  interesting,  may  be  called  the  calcium  matte.  This  matte  is 
formed,  like  its  congeners,  of  a  sulphide,  .sulphide  of  calcium,  aud  of  magnetic  oxide 
of  irou,  crystallographically  combined.  This  matte  has  not  been  found  in  an  isolated 
state,  but  it  exists  iu  combination  with  scoriae,  and  the  product  thus  formed  is  pre- 
cisely the  slag  of  Leadville.  So  that  the  best  definition  of  slags  that  can  be  given  is 
the  following:  Slags  are  compounds  of  scoriae  or  silicates  and  of  calcium  mattes,  aud, 
like  most  of  the  furnace  products,  they  are  formed  of  chemical  compounds  crystallo 
graphically  combined.1 

1  Although  Jlr.  Guyjird's  delinitiou  may  perhaps  seem  somewhat  obscure  to  the  reader,  I  do  not 
feel  Mil'Jcieully  certain  of  his  meaning  to  attempt  to  modify  it,  aud  therefore  leave  it  iu  his  own  winds. 
(S.  F.E.) 
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Assays  of  mattes —  Crude  mattes  generally  contain  variable  quantities  of  metallic 
grains,  so  that  whenever  it  was  thought  advisable  the  crude  matte  was  assayed,  as  well 
as  the  powder  and  metallic  grains  separated  by  the  sieve.  The  following  assays  were 
made  in  the  laboratory  of  the  Survey. 


TABLE  XIV.  ASSAYS  OF  MATTES. 


Matte. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

Separates  into  — 

51.37 

98.62 

79.  32 

97.5 

48  63 

1  38 

'0  68 

2.5 

Silver  contents. 

100.  00. 

100.  00 

100.  00 

100.  00 

Crndo  matte  —  ounces  per  ton. 

102.  7344 
45.47   • 

Not  assayed 
74  35 

99.  0256 
86  63 

Not  assayed 
66  25 

Metallic  grains  do  

163.  22 

Not  assayed 

146.6 

Not  assayed 

Gold  contents. 

Crude  matte  —  ounces  per  ton. 
Powder  do  

0.  02743 
0.025 

Not  assayed 
Faint   trace 

0.03 
0.03 

Not  assayed 
Trace 

Metallic  grains  do  

0.030  * 

Not  assayed 

0.03 

Not  assayed 

No.  1.  American  smelter,  lead  matte. 

No.  2.  Billing  &.  Eilers's  smelter,  lead  matte,  blackish  gray. 
No.  3.  Camming  &  Finn's  smelter,  lead  and  iron  matte. 
No.  4.  Elgin  smelter,  lead  matte,  grayish. 

Discussion.  —  It  has  been  seen  (Analysis  XL)  that  the  normal  iron  matte  contains 
85  ounces  of  silver,  and  that  (assay  of  mattes  No.  3)  the  powder  of  a  similar  matte 
from  the  same  smelter  contains  8GJ  ounces.  The  normal  lead  matte  (Analysis  XLI) 
contains  70  ounces  of  silver,  and  the  powder  from  similar  mattes  at  the  same  and 
at  other  smelters  contains  06.25  ounces  of  silver  (No.  4),  45.5  ounces  (No.  1),  74.35  ounces 
(No.  2). 

The  relation  between  the  contents  of  bullion  (represented  by  the  metallic  grains) 
in  silver  and  the  contents  of  the  mattes  in  silver  is  rather  peculiar.  In  No.  1,  the 
richest  bullion.  163  ounces,  corresponds  to  the  poorest  matte;  and  in  No.  3,  the  poor- 
est bullion,  146.V  ounces,  accompanies  the  richest  matte,  86  ounces.  -Evidently  there 
is  an  antagonism  between  matte  and  bullion,  in  which  the  latter  has  not  always  the 
advantage. 

ACCRETIONS. 

There  are  two  kinds  of  accretions  formed  in  the  blast  furnace  which  have  noth- 
ing in  common  :  the  hearth  accretions  and  the  shaft  accretions. 

Hearth  accretions. —  Hearth  accretions  are,  in  general,  very  similar  to  mattes,  but 
sometimes  they  look  more  like  slags.  From  a  very  rough  examination  of  these  prod- 
ucts, it  results  that  they  are  chiefly  formed  of  slag,  and  lead-  and  iron-matte,  and  it 
is  thought  that  the  word  slag-matte  is  the  most  appropriate  to  designate  them.  They 
are  formed  of  variable  quantities  of  slag  and  matte,  but  often  contain  nearly  equal 
parts  of  both,  and  represent  in  the  highest  degree  those  singular  compounds,  crystallo- 
graphically  combined,  which  have  been  described  so  often  in  this  report. 
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The  writer  has  not  pursued  further  the  investigations  of  these  hearth  accretions 
for  the  reason  that  the  elements  which  constitute  them  have  already  been  fully  exam- 
ined and  discussed.  The  following  assays  were  made  however,  iu  the  same  manner  as 
those  of  the  mattes  : 

TABLE  XV.  ASSAYS  OF  HEARTH  ACCRETIONS  FROM  GKAXT  SMEI.TKII. 


Accretions. 

No.  1. 

No.  2. 

Separates  into  — 

77  51 

**2  49 

100.00 

100,00 

Silver  content*. 

Crude  hearth  accretion  ounces  per  ton. 

47.  0916 

81.0173 

Slag-matte  powder  do  .... 

28.6 

16.125 

112  8 

Gold  content*. 

Crude  hearth  accretion  ounces  per  ton. 

Trace 

Trace 

Trace 

Discustiion. — The  assay  of  silver  iu  the  slag-matte  indicates  to  some  extent  tin- 
relative  proportion  of  slag  and  matte  in  the  hearth  accretion,  it  being  evident  that 
No.  1  contains  more  matte  than  No.  2.  The  fact  that  the  poorest  bullion,  NO.  1,  cor- 
responds to  the  richest  accretion,  and  the  richest  bullion,  No.  2,  to  the  poorest  accre- 
tion, confirms  the  similar  observation  made  on  the  mattes,  and  seems  to  indicate  that 
bullion  is  deprived  of  its  silver  by  the  matte. 

Shaft  accretions —  As  has  already  been  staled,  the  shaft  accretions  have  nothing 
iu  common  with  hearth  accretions.  Shaft  accretions  generally  result  from  the  con- 
densation of  sublimated  products.  They  form  thick  incrustations  against  the  lower 
parts  of  the  walls  of  the  shaft  of  blast-furnaces,  and  occasionally  line  the  whole  of 
the  shaft.  At  Gage,  Hagaman  &  Co.'s  the  writer  has  seen  a  small  round  furnace 
entirely  lined,  from  the  top  of  the  water  jackets  to  within  six  inches  of  the  feed-hole, 
with  accretions  a  foot  thick.  A  very  complete  collection  of  those  products  was  made, 
as  it  was  expected  that  in  them  would  be  found  a  great  concentration  of  the  metals 
which  occur  iu  minute  quantities  in  the  ores. 

Before  describing  normal  accretions  the  writer  would  say  a  few  words  concerning 
some  pretty  yellowish  semi-trauslucid  crystals  of  chloro-bromide  of  lead  found  by  Dr. 
M.  W.  lies  in  one  of  the  furnaces  at  Grant  smelter,  between  the  main  cast-iron  plate 
support  of  the  furnace  and  the  masonry.  These  crystals  were  analyzed  by  Dr. 
lies  and  found  to  contain — 

Chlorine 10.34". 

Bromine 83.321 

Lead 63.927 


99. 


A  small  quantity  of  the  crystals  "^ere  kindly  forwarded  to  the  writer  by  Dr. 
lies,  and  were  examined  qualitatively  ;  in  these  were  found,  besides  chloride  and  bro- 
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mide  of  lead,  a  small  quantity  of  iodide  of  lead.  They  appeared,  moreover,  to  Lave 
the  satue  composition  as  the  chloro-broiuo-iodide  of  lead  which  was  fonud  by  the 
writer  iu  the  lead  dust;  in  which  case  they  would  contain  more  chlorine  than  bromine 
and  more  bromine  than  iodine ;  but  being  crystallized  it  is  very  possible  that  they 
have  the  composition  assigned  to  them  by  Dr.  M.  W.  lies  and  the  formula  Pb  Br 
Cl.  These  crystals  form  quite  an  accidental  accretion,  and  are  found  only  iu  very 
small  quantity. 

The  normal  accretion,  the  one  found  iu  every  smelter  and  in  every  furnace,  is  a 
light  crystalline  fibrous  and  porous  mass  with  a  luster  like  galena  and  full  of  cavities, 
spotted  with  a  whitish-yellow  and  reddish  crust.  The  fibrous  portion  is  formed  of 
alternate  layers  of  galena  like  and  of  yellowish  white  crystals.  Xo  metallic  grains 
can  be  seen  in  the  mass  of  the  accretion,  even  when  broken  into  very  small  bits  ;  but, 
while  some  parts  are  quite  brittle,  others  have  a  toughness  which  is  due  to  the  pres- 
ence of  metallic  lead.  A  similar  accretion,  collected  at  Messrs.  Billing  &  Eilers's 
smelter,  was  separated  by  the  sieve  into  powder,  81.25  ;  lead  grains,  18.75. 

The  whole  accretion,  powder  and  grains,  was  analyzed  iu  the  above  proportion 
and  found  to  contain,  among  other  substances,  an  enormous  quantity  of  metallic  lead; 
more  than  twice  as  much  as  the  quantity  represented  by  the  lead  grains.  This  lead 
is  evidently  condensed  vapor  of  this  metal  or  sublimated  lead,  so  intimately  mixed 
with  the  sulphides  that  it  passes  through  the  sieve. 

Another  point  of  interest  is  the  large  percentage  of  sulphide  of  zinc  found, 
which  forms  the  yellowish  white  crust  and  layers  visible  iu  the  accretion  already  men- 
tioned. 

The  following  is  the  analysis  of  a  typical  shaft  accretion  collected  at  Messrs. 
Billing  &  Eilers's  smelter. 

ANALYSIS  XLII.  SHAFT  ACCRETION. 
1'urtion  soluble  in  adds 


Elementary  analysis. 


Rational  analysis. 


Per  cent. 

Sulphur 82912730 

Lead 47.4912340 

Bismuth  Trace 

Silver 0.0754498 

Gold Trace  ouly 

Copper Trace 

Z.nc  69774000 

Cadmium Marked  trace 

Iron  6.7536000 

Arsenic    0.0392089 

Autimony .       Trace 

Sulphuric  acid 0.9653590 

Phosphoric  acid 2.1663252 

Carbonic  acid '. Trace 

Lime 4.2616000 

Magnesia 3.20J1540 

Oxide  of  manganese 2.8871860 

Alumina..  0.0720000' 


Sulphide  of  lead 

Sulphide  of  bismuth 

Sulphide  of  silver 

Sulphide  of  gold 

Sulphide  of  copper 

Sulphide  of  zinc _ 

Sulphide  of  cadmium  

1'rotosulphide  of  iron  

Sulphide  of  arsenic 

Sulphide  of  antimony 

Mi'tallic  lead  

Sulphate  of  lime 

Phosphate  of  lime 

Carbonate  of  lime 

Caustic  lime 

Caustic  magnesia  

Oxide  of  manganese 

Alumina 


Per  cent. 

7.20408,0 

Trace 

.'.  0. CS6G208 

Tia<6 

Trace 

10.4124000 

Marked  trace 

10.6U9000 

0.0644009 

Trace 

41.2469180 

1.0411103 

4.C937046 

Trace 

1.0584693 

3.2021540 

2.S871860 

0  07:'0(iOO 
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ANALYSIS  XLII.  SHAFT  ACCHETIOM  —  Continued. 
Portion  insoluble  in  acids. 


Elementary  analysis. 


Rational  analysis. 


Per  cent. 

Silica 10.1000000 

Oxide  of  lead  0.4050000 

Oxide  of  zinc 0.3000000 

Oxide  of  iron 1.1000000 

Oxide  of  manganese Trace 

Alnnrna l.COOOOOO 

Lime 2.1000000 

Magnesia 1.0950000 

Loss..         0.1171501 


Per  cent. 

Silica 10.1000000 

Oxideoflead 0.4050000 

Oxide  of  zinc 0.  SOOOOOO 

Oxideofiron 1.1000000 

Oxide  of  manganese Trace 

Alumina 1.6000000 

Lime 2.1000000 

Magnesia 1.0950000 

Loss 0.1171501 


Total 100.0000000 


Total 100.0000000 


Silver,  22  onnees  to  the  ton ;  gold,  trace  only. 

Discussion. — The  points  of  interest  in  this  analysis  are  tbe  concentration  of  phos- 
phoric acid  in  the  form  of  phosphate  of  litne,  the  presence  of  caustic  limp,  and  the 
presence  of  22.3  per  cent,  of  metallic  lead  in  an  impalpable  .form.  A  glance  at,  the 
whole  analysis  shows  the  close  resemblance  between  accretions  and  chamber-dust, 
the  former  representing  products  of  sublimation,  the  latter  products  of  volatilization. 

Assays  of  normal  accretions — The  writer  prepared  a  sample  of  accretions  identical 
in  appearance  with  the  one  reported  above  and  made  up  of  twelve  specimens  from  the 
following  smelters: 

Cnmuiiug  &  Finn  7 

Grant 1 

Harrison 1 

Gage,  Hagaman  &  Co 3 

Total  number  of  specimens  mixed  for  assay 12 

The  powder  and  grains  in  this  mixture  were  separated,  as  usual,  by  the  sieve. 

The  whole  accretion  assayed  21.1002  ounces  of  silver  to  the  ton.  The  specimen 
analyzed  assayed  22  ounces,  showing  a  remarkable  uniformity  in  the  composition  of 
these  products  from  various  sources.  The  accretion  powder  assayed  21  ounces  and  the 
accretion  grains  23.6  ounces  of  silver  to  the  ton.  This  last  figure  is  very  interesting, 
as  showing  the  contents  in  silver  of  volatilized  bullion.  There  can  be  no  doubt  about 
this,  since  the  accretions  assayed  come  precisely  from  smelters  which  run  the  richest 
and  the  poorest  bullion ;  besides,  if  we  consult  the  assays  of  lead  grains  found  in  other 
products  (the  mattes  and  hearth  accretions,  for  instance),  we  find  that  in  no  instance 
do  lead  grains  contain  so  little  as  23  ounces  of  silver. 

In  connection  with  the  normal  accretions  just  described  will  be  given  the  assay 
of  common  accretions,  which  differ  entirely  from  the  preceding.  Instead  of  being 
light  and  porous,  they  are  very  heavy  and  compact,  and  consist  either  of  galena  which 
has  escaped  reduction  or  of  artificial  galena  formed  in  the  furnace  by  the  reduction  of 


PECULIAR  ACCRETIONS.  729 

sulphate  of  lead.    Whatever  their  origin,  they  are  formed  of  galena.    The  sample 
assayed  was  prepared  from  five  specimens  from  the  following  smelters: 

dimming  &  Finn 2 

Grant 2 

Raymond,  Sherman  &  McKay 1 

Total 5 

The  whole  accretion  assayed  45  ounces  of  silver  to  the  ton.    It  was  separated  by 
the  sieve  into — 

Powder 91.25 

Metallic  lead  grains 8.  75 


Total ; 100.00 

The  powder  assayed  35  ounces  and  the  grains  148.5  ounces  to  the  ton. 

When  mattes  and  accretions  are  not  thrown  away  pell-mell  with  the  slags,  they 
are  always  roasted  in  heaps  in  Leadville.  A  mixture  of  such  roasted  mattes  and 
accretions  from  Billing  &  Eilers's  smelter  was  assayed  ;  it  consisted  of  two  fine  speci- 
mens, yellowish  white  and  reddish  on  the  surface,  full  of  large  cavities,  and  having  a. 
blackish  fracture ;  free  sulphur  was  visible  throughout  the  mass.  It  was  separated  by 
the  sieve  into  — 

Powder 97.96 

Grains  . .  2.  04 


Total .' 100.00 

The  powder  assayed  8.25  ounces  of  silver  to  the  ton.1 

If  we  consider  that  the  products  roasted  assayed  22.45  ounces  (accretions),  102, 
71.5, 99,  and  66  ounces  (mattes),  respectively,  we  may  well  ask,  what  becomes  of  the  sil- 
ver in  this  ruinous  operation  of  roasting  in  heaps  performed  at  several  smelters?  A 
definite  answer  is  difficult,  since  if  silver  is  volatilized  it  is  not  known  in  what  form ; 
but  it  seems  probable  that,  since  the  roasting  takes  place  in  the  open  on  the  slag- 
heap  and  the  roasting  heap  is  periodically  leached  by  rain,  silver  may  be  carried  away 
in  the  state  of  sulphate. 

Peculiar  accretions — The  following  analysis  has  been  made  of  a  very  peculiar 
accretion  found  at  Messrs.  Gumming  &  Finn's  smelter.  This  accretion  is  half  black 
and  half  yellow  and  looks  like  a  mixture  of  galena  and  orpiment.  It  was  separated  by 
the  sieve  into  — 

Powder 75.  f>4 

Lead  grains 24.  40 


Total 100.00 

The  whole  accretion,  powder  and  grain,  was  analyzed  (see  Analysis  XLIII),  and 
more  interesting  results  than  those  obtained  could  scarcely  have  been  anticipated. 
The  bright-yellow  portion  proved  to  be  a  peculiar  Naples  yellow  formed  of  arsenio- 
aatimonio-stannate  of  lead;  and  the  whole  of  the  constituents  of  that  portion  were  in 
the  state  of  oxides.  Here  we  find  a  most  remarkable  instance  of  concentration,  that 
of  tin,  which  apparently  exists  ouly  in  traces  throughout  the  camp,  and  that  of  anti- 


1  All  the  assays  of  accretions  were  made  in  the  laboratory  of  the  Survey. 
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mony  and  arsenic,  which  exist  only  in  small  quantities  in  the  ores.    This  accretion 
contains  tin,  5.6  per  cent.;  antimony,  2.7  per  cent.;  and  arsenic,  5  per  cent. 

The  behavior  of  this  accretion  with  reagents  is  noteworthy :  treated  by  weak 
nitric  acid  the  metallic  grains  arid  sulphides,  as  well  as  the  excess  of  the  oxide  of  lead, 
are  dissolved  and  the  yellowish  compound  is  left  untouched.  This  residue,  treated  by 
strong  nitric  acid,  yields  arseuite  of  lead,  which  dissolves  in  the  state  of  arseuiate.  The 
residue,  which  is  still  yellow,  is  decomposed  by  sulphide  of  ammonium,  which  dissolves 
tin.  The  residue,  treated  by  weak  nitric  acid,  in  order  to  dissolve  the  sulphide  of  lead 
formed,  leaves  behind  a  yellow  powder,  which  proves  to  be  autiuiouiate  of  lead.  The 
separations  in  this  instance  are  so  remarkable  that  the  relative  proportions  of  arseuite, 
autiuiouiate,  and  stanuato  of  lead  forming  the  yellow  compound  could  in  this  way  be 
roughly  estimated. 

ANALYSIS  XLIII.  PECULIAR  ACCRETION. 


Elementary  analysis. 

Rational  analyaia. 

Lead           

70.63119 

Metallic  grains: 

0.29700 

Lead  

23.  7JUJ1 

Gold 

0  C0075 

Silver                           

0.19800 

5.  0092S 

0.  OiSOO 

2  89686 

0.  05500 

Tiu 

5  5'j;J41 

Ira                  

.  .  .    ,      0.  23100 

1             0  0°800 

Sulphide  of  lead  

0.21913 

Tiaco 

2  60067 

0.04400 

6  25U17 

0.11366 

'J.  43600 

18.  96927 

0.  GOCOO 

Oxide  of  lead  compounds  — 

Silica 

2  8'iOOO 

Oxide  of  lead  

32.  OIM.-.'.I 

0.  OOOU7 

Ti-dcc 

Arernious  acid  

6.57900 

3.  50800 

Silver  

ounces  to  ton..        86.  628 

Gold  

do  ..           0.  1M*::. 

Silii-ictfcid 

2.  83000 

0.  60000 

3.45600 

Lots 

0.  00067 

f 

Total 

100.  00000 

Discussion.  —  The  rational  report  may  be  expressed  under  the  simple  form  : 

Metallic  grains  .......  ................................................     24.  4.">7:'.4 


Metallic  sulphides  ....................................................     111. 

Oxide  of  lead  compounds  .............................................     5(i.41.">li<l 

Loss..  ..................................................       0.00067 


Total 100.00000 

The  writer  has  found  that  silicic  acid,  alumina,  and  peroxide  of  iron  were  com- 
bined with  oxide  of  lead  in  the  state  of  silicate,  aluuiiuate,  and  ferrite;  as  for  gold,  it 
is  a  well  known  fact  that  this  metal  is  o.vidized  bv  oxide  of  tin  and  combines  with  it. 
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Peculiar  accretion  found  at  Gage,  Hagaman  &  Co.'s  smelter This   accretion  was  a  thill, 

compact,  yellowish-green  mass  of  alternate  layers  of  sulphide  of  lead  and  yellowish- 
green  oxides ;  it  contained  only  a  very  few  grains  of  lead  in  flue  particles.  This 
accretion  is  remarkable  on  account  of  the  enormous  quantity  of  zinc  concentrated  in  it 
(53  per  cent.),  chiefly  in  the  state  of  oxide  (G5.5  per  cent.).  It  is  also  the  only  accre- 
tion in  which  were  found  traces  of  chlorine,  bromine,  and  iodine.  The  rational  report 
of  the  analysis  has  been  arranged  so  as  to  show  as  clearly  as  possible  how  the  differ- 
ent substances  are  mixed  or  combined.  Sulphide  of  zinc  was  estimated  by  means  of 
the  sulphureted  hydrogen  evolved  on  treating  the  accretion  with  weak  sulphuric  acid. 
No  iron  was  present  in  the  solution. 

Traces  of  the  silver  reported  as  chloride  exist  in  the  state  of  sulphide. 

ANALYSIS  XL1V.  PECULIAIS  ACCRETIONS. 


Elementary  analysis. 

Rational  analysis. 

Per  cent. 
25  9530 

Sulphide  of  lead 

Per  cent 

17  8005 

53.  3294 

1  0670 

Silver                                      

0.  0944 

0.  0350 

G5  5550 

0  2866 

1  Ofc91 

0  07J5 

Oxide  of  lead.          "] 

1            10  5341 

0.  0565 

0  0715 

13.  7513 

0  05(35 

2.  7254 

Chloride  of  lead  with  traces  L*bBr   Pbl 

1.3815 

0  129* 

Alumina  

0.  3285 
0  2007 

-     Peroxide  of  iron  (mixed,  iiot  combined)... 

1.3815 

f             o  3''P5 

0.  1588 

•j             0  °007 

Silica                               .                       

1.  5770 

0.  1588 

0.  0504 

Silica  

1.5770 

rmn/i 

Loss  . 

0.  051)4 

Total  

100.  0000 

Silver  ounces  to  ton. 
Gold              

SECTION  V. 
THEORETICAL  DISCUSSION. 

REACTIONS   IN   THE   BLAST-FURNACES. 

To  form  a  correct  conception  of  the  metallurgical  reactions  iu  the  blast-furnaces 
of  Leadville  we  must  take  into  consideration  — 

(1)  The  great  altitude  at  which  the  smelting  operations  take  place,  which  modi- 
fies to  a  considerable  extent  the  volume  of  the  blast  and  the  volatility  of  volatile  com- 
pounds. 

(2)  The  manner  in  which  the  smelting  charges  are  disposed  in  the  furnace.    It 
has  been  seen  already  that  the  ores  and  fluxes  are  placed  between  two  layers  of  fuel, 
so  that  iu  all  the  zones  of  the  furnace  above  those  of  agglomeration  and  fusion  the 
reactions  take  place  by  actions  of  gases  upon  solid  substances,  and  that  in  a  very 
limited  space  only  reactions  by  contact  of  solid  matter  can  take  place. 
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(3)  The  elements  of  the  blast:  Oxygeu,  nitrogen,  moisture,  and  carbonic  acid. 

(4)  The  elements  of  the  fuel:  In  coke,  carbon,  moisture,  a  little  sulphide  of  "iron, 
and  a  considerable  quantity  of  ash,  formed  of  silica,  alumina,  lime,  and  oxide  of  iron; 
in  charcoal,  carbon,  moisture,  and  a  little  ash,  composed  of  alumina  and   alkaline 
carbonates. 

(5)  The  elements  of  dolomites:  Carbonic  acid,  lime,  magnesia,  with  small  quanti- 
ties of  iron  and  other  substances. 

(G)  The  elements  of  hematite:  Peroxide  of  iroH,  protoxide  of  iron,  carbonate  of 
iron,  with  small  quantities  of  other  substances. 

(7)  The  elements  of  the  ores :  Carbonate  of  lead,  sulphide  of  lead,  sulphate  of 
lead,  pyrite,  oxides  of  irou  and  manganese,  chlorophosphate  of  lead,  chloro-bromo- 
iodide  of  silver,  gold,  zinc,  titanic  and  uiolybdic  acids,  and  arsenic  and  antimonic 
acids,  with  small  quantities  of  cobalt,  nickel,  and  other  substances. 

The  examination  of  the  furnace  products,  which  has  already  been  made,  affords 
means  of  pointing  out  with  precision  what  becomes  of  the  elements  introduced  in  tlie 
furnace.  The  analyses  of  slag,  bullion,  speiss,  dust,  and  mattes  are  fair  representa- 
tives of  the  complete  or  normal  reactions  of  the  furnace,  and  those  of  hearth  and 
.  shaft  accretions,  of  incomplete  or  accidental  reactions.  But  before  entering  into  these. 
considerations  it  is  necessary  to  pass  in  review  the.  principal  reactions  of  lead,  silver, 
and  iron  compounds,  and  to  study  their  action  upon  each  other  and  upon  the  chief 
ingredients  either  used  in  smelting  or  produced  by  smelting.  At  the  same  time  stn-ss 
will  be  laid  upon  the  reactions  that  are  represented  by  specimens  found  in  the  furnaces 
of  Leadville  and  kept  for  reference  in  the  collections  of  the  Geological  Survey,  and 
also  upon  the  reactions  which  were  revealed  by  analysis. 

REACTIONS   or    LKAI)   roMI'i>rM.~. 

No.  i.  Reactions  of  carbonate  of  lead — Carbonate  of  lead  loses  its  carbonic  acid 
between  170°  C.  and  200°  C.  (J.  A.  Phillips),1  and  is  converted  into  protoxide  of  lead. 

No.  2.  Reactions  of  protoxide  ofiead — Oxide  of  lead  combines  in  the  dry  way  with 
stannic  acid,  arsenious  and  arsenic  acids,  antimonious  and  antimonic  acids,  and  with 
peroxide  of  iron  and  oxide,  of  zinc  (Berthier)2  These  reactions  take  place  in  the 
furnaces  as  is  shown  by  analyses  XLIII  and  XL1V  of  peculiar  accretions. 

No.  3 — Oxide  ofiead  is  partially  reduced  to  the  metallic  state  by  magnetic  oxide 
of  iron  with  formation  of  peroxide  of  iron :  3Fe3O.,+L'Pl>O=Fe3O4+3Fe2O3+PbO  +  Pb 
(Berthier).  The  fact  that  some  slags  (sec  analyses  of  slags)  contain  peroxide  of  iron 
in  the  state  of  silicate  seems  to  indicate  that  this  reaction  takes  place. 

No.  4 — Oxide  ofiead  in  excess  is  reduced  to  the  metallic  state  by  sulphur  with 
formation  of  sulphurous  acid:  2PbO+S=2Pb+SO2(Berthier).  This  reaction  undoubt- 
edly occurs  when  the  charges  contain  pyrites. 

NO.  5.  —  Oxide  of  lead  is  reduced  by  arsenic  with  formation  of  lead  and  arson! te 
ofiead:  4PbO+As=PbO,  AsO3+3Pb  (Berthier). 

No.  6 — Conversely,  metallic  lead  reduces  arsenite  ofiead  with  formation  of  basic 
arseliite  of  lead  and  arseniuret  ofiead:  2(PbO,Asl)3)+4Pb=5PbO,  AsO3+PbAs 

1  Liebig  nml  Kopp's  Jahresb.,  1851,  p. -357. 

-  All  the  quotations  from  Berthier  are  taken  from  his  Trait«S  (lea  essais  par  la  voie  seche,  Paris, 
1834,  and  may  also  be  found  in  Percy's  Metallurgy  of  Lead,  London,  1870. 
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(Berthier).  The  preseuce  of  arsenite  of  lead  iii  all  the  oxide  of  lead  compounds  of  the 
lu mace  and  the  preseuce  of  arsenic  in  bullion  show  that  reactions  5  and  C  are  of  fre- 
quent occurrence. 

No.  7. — Aiitimouy  acts  on  oxide  of  lead,  and  lead  on  oxide  of  antimony,  in  the 
same  way  as  with  arsenic  (Berthier).  The  presence  of  antituouious  acid  in  oxide  of 
lead  compounds  and  of  antimony  in  bullion  shows  that  these  reactions  are  constantly 
taking  place  in  the  furnace. 

No.  8 — Protoxide  of  lead  is  reduced  to  the  metallic  state  by  iron  with  formation 
of  magnetic  oxide  of  iron:  4PbO-f  Fe3=Fe3O4-|-Pb  (Berthier).  To  this  reaction  is 
undoubtedly  due  part  of  the  magnetic  oxide  of  iron  found  in  slags  and  other  furnace 
products. 

No.  9.  Protoxide  of  lead  and  silica  combine  easily  at  the  temperature  at  which 
the  oxide  of  lead  becomes  pasty.  The  silicate  3PbO,Si02  is  very  fusible  and  very 
fluid.  The  silicate  2PbO,  SiO2  is  pasty  (Percy-Beck).1  The  presence  of  silicate  of  lead 
in  all  the  slags  shows  that  this  substance  is  formed  in  the  furnace. 

No.  10.  Oxide  of  lead  and  galena. — In  this  well-known  reaction  sulphurous  acid  is 
evolved  and  lead  is  reduced  to  the  metallic  state  (Berthier,  Percy-Smith):  PbS+ 
i>PbO=3Pb+SO2.  This  is  one  of  the  fundamental  reactions  of  blast-furnaces  which 
has  been  proved  too  often  to  need  demonstration. 

No.  ii — Oxide  of  lead  is  completely  reduced  to  the  metallic  state  by  charcoal, 
coke,  oxide  of  carbon,  hydrogen  with  formation  of  carbonic  oxide,  carbonic  acid  and 
water  (Berthier,  Percy,  and  others). 

No.  12 — Oxide  of  lead  is  reduced  by  zinc  to  the  metallic  state  by  formation  of 
oxide  of  zinc:  PbO+Zu=Pb+ZnO  (Berthier).  The  oxide  of  zinc  deposited  in  accre- 
tions and  fumes  is  undoubtedly  produced  in  this  way  by  zinc  reduced  in  the  zone  of 
agglomeration. 

No.  13.  Reactions  of  silicate  of  lead — Silicate  of  lead  behaves  almost  exactly  like 
protoxide  of  lead  in  its  reactions  upon  sulphur,  iron  scales,  iron,  carbon,  carbonic  oxide, 
galena,  etc.  (Percy-Beck). 

NO.  14 — Silicate  of  lead  is  completely  reduced  to  the  metallic  state  by  mixtures 
of  oxide  of  iron  and  carbon  (Percy-Beck).  This  is  undoubtedly  one  of  the  chief  reac- 
tions of  the  furnace  at  the  zones  of  agglomeration ;  but  reactions  No.  13  take  place  in 
most  of  the  zones  of  the  furnace. 

No.  15.  Reactions  of  sulphate  of  lead — Sulphate  of  lead  is  decomposed  by  silica  with 
evolution  of  sulphurous  acid  and  oxygen  and  formation  of  silicate  of  lead  (Berthier, 
Percy). 

No.  16.  — Sulphate  of  lead  is  reduced  by  lead  to  the  state  of  oxide  with  evolution 
of  sulphurous  ac.d:  PbO,  SO3+Pb=2PbO+SO2  (Berthier,  Percy-Smith). 

No.  17 — Sulphate  of  lead  is  reduced  by  iron  to  the  metallic  state  with  formation 
of  magnetic  oxide  of  iron  and  sulphide  of  iron:  PbO,SO3+ 4Fe=Fe3O4+FeS  +  Pb. 
There  is  but  little  doubt  that  the  mattes  of  Leadville  owe  their  origin  in  great  part  to 
this  reduction. 


1  The  quo.atious  from  Percy  and  hi.%  assistants,    whose  iiauies  follow  Percy's,  are  taken  from 
Percy's  Metallurgy  of  Lead,  London,  1870. 
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No.  18 — Sulpbate  of  lead  is  reduced  by  carbon  to  the  state  of  sulphide:  PbO, 
SO3+C2=PbS-|-2CO2  (Gay-Lussac),1  and  also  by  carbonic  oxide  (Rodwell).2  The 
sulphide  of  lead  of  the  mattes  is  produced  partly  by  these  reactions. 

No.  ig.  —  Sulphate  of  lead  is  decomposed  by  lime  with  formation  of  sulphate  of 
lime  and  oxide  of  lead;  sulphate  of  lime  has  been  pointed  out  in  the  analyses  of  some 
furnace  products. 

No.  20.  Reactions  of  sulphide  of  lead.  —  Sulphide  of  lead  is  somewhat  volatile;  it  is 
sublimated  at  high  temperatures  (Berthier,  Percy).  This  sublimated  galena  in  fine 
distinct  irisated  crystals  is  one  of  the  constituents  of  normal  shaft  accretions. 

NO.  21 — Sulphide  and  oxide  of  lead  react  upon  each  other  with  formation  of 
metallic  lead  and  sulphurous  acid  (see  reaction  Xo.  10). 

NO.  22 — Sulphide  of  lead  and  metallic  lead  combine  together  and  form  subsnl- 
phides  and  alloys.  The  analyses  of  bullion  and  skimmings  prove  this  reaction.  More- 
over, the  metallurgical  collection  of  the  Survey  conlains  specimens  of  alloys  highly 
charged  with  sulphide  of  lead. 

No.  23 — Sulphide  of  lead  is  reduced  by  zinc:  Pb.S+Zn=Pb+ZnS  (Percy-Smith). 
The  sulphide  of  zinc  found  in  normal  accretions  and  also  in  lead  fumes  is  certainly 
deposited  in  virtue  of  this  reaction. 

NO.  24 — Sulphide  of  lead  and  sulphate  of  lead  react  upon  each  other  with  forma- 
tion of  metallic  lead  and  sulphurous  acid:  PbS+Pb'J,SU3=2Pb+2SO2  (Berthier, 
Percy). 

No.  25 — Sulphide  of  lead  and  iron  produce  one  of  the  most  important  reactions 
of  the  blast  furnace;  lead  is  completely  reduced  to  the  metallic  state  and  sulphide  of 
iron  is  formed:  PbS+Fe=Pb+FeS  (Bertbier).  Most  of  the  sulphide  of  iron  in  mattes 
is  produced  in  this  way. 

No.  26 — Sulphide  of  lead  and  oxide  of  carbon  act  slightly  upon  each  other  with 
formation  of  sulphide  of  carbon  (Rodwell).3  In  all  probability  some  of  the  silica  found 
in  that  portion  of  the  fumes  which  escapes  in  the  air  is  volatilized  in  the  state  of  sul- 
phide of  silicium  by  the  sulphide  of  carbon  thus  produced. 

No.  27.  —  Sulphide  of  lead  mixed  with  lime  :u.d  carbon  is  partly  reduced  with  for- 
mation of  sulphide  of  calcium  and  carbonic  oxide:  HPbS+CaO+C=Pb+PbS,CaS-t- 
CO  (Berthier).  This  important  reaction,  which  undoubtedly  takes  place  in  the  zone  of 
agglomeration  of  the  furnace,  accounts  for  the  sulphide  of  calcium  in  the  slags. 

No.  28 — Sulphide  of  lead,  heated  with  oxide  of  iron  and  carbon,  produces  incta! 
lie  lead  and  sulphide  of  iron:  4PbS+2Fe2O3+3C=4Pb+4FeS+3CO2."  This  reaction 
is  interesting  as  indicative  of  what  actually  takes  place  in  the  furnace. 

No.  29.  —  Sulphide  of  lead  and  basic  silicate  of  protoxide  of  iron  react  upon  each 
other  with  formation  of  metallic  lead,  and  iron  and  lead  matte:  2(3FeO,  SiO3)+5PbS= 
2(2FeO,SiO3)+2(PbS,  FeS)  +  SO2+Pb3  (Percy  Cloud).  This  important  reaction  is 
illustrated  by  the  specimens  of  hearth  accretions  or  slag-mattes  in  the  collection  of 
the  Surrey. 

1  Ann.  de  Chim.  et  de  Phys.,  1836,  73,  p.  435. 

3  Journal  of  the  Chemical  Society,  new  series,  1863,  p.  42. 

3  Journal  of  the  Chem.  Soc.,  antea  cit.,  p.  48. 

4  Jordan,  Erdmann's  Journal,  1831,  11,  p.  334. 
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No.  30.  Reactions  of  phosphate  of  lead. — Phosphate  of  lead  forms,  with  chloride,  bro- 
mide, iiud  iodide  of  lead,  very  volatile  compounds  (A.  Guyard).  This  is  proved  by 
the  analysis  of  roasted  cha-nber-dust  and  by  that  of  the  smoke  caught  in  the  Bartlett 
filter. 

No.  31 — Phosphate  of  lead  is  reduced  by  carbon  and  iron  to  the  metallic  state,  like 
oxide  of  lead  (Percy  Cloud).  Part  of  the  phosphoric  acid  found  in  the  slags  comes 
from  this  reaction. 

No.  32.  Reactions  of  chloride  of  lead.  — it  is  a  well-known  fact  that  chloride,  bro- 
mide, and  iodide  of  lead  are  volatile  compounds ;  hence  their  constant  presence  in  lead 
fumes  of  every  kind  in  Leadville. 

No.  33.  Chloride  of  lead  with  lime  and  carbon. —  Chloride  of  lead  is  reduced  to  the 
metallic  state  with  formation  of  chloride  of  calcium  and  carbonic  acid  (Berthier): 
2PbCl2+2CaO+C=Pb2+2CaC]2+CO2.  The  analyses  of  slags  show  that  this  reaction 
does  not  take  place  in  Leadville.  It  is  chiefly  due  to  the  fact  that  chloride  of  lead  is 
volatilized  before  carbonate  of  lime  is  decomposed,  and  it  indicates  that  there  would  be 
an  advantage  in  using  caustic  lime  instead  of  raw  limestone. 

N°  34  Chloride  of  lead  and  galena. — These  two  substances  form  a  very  volatile 
chloro-sulphide  of  lead  similar  to  galena  (Berthier).  This  product  has  been  found  in 
the  portion  of  the  lead  fumes  lost  in  the  air. 

NO-  35-  Reactions  of  metallic  lead — Lead  is  somewhat  volatile  (all  authors).  It  has 
been  seen  that  normal  accretions  are  chiefly  formed  of  sublimated  lead,  and  the  con- 
tents of  this  sublimated  lead  in  silver  were  also  given. 

REACTIONS   OF   SILVER   COMPOUNDS. 

No.  36.  Reactions  of  metallic  silver — Silver  is  somewhat  volatile  (all  authors).  The 
assay  of  sublimated  bullion  found  in  normal  shaft  accretions  gives  an  idea  of  the  rel- 
ative proportion  of  lead  and  silver  volatilized  and  sublimated  in  the  blast  furnace. 

NO.  37.  Reactions  of  sulphide  of  silver — Sulphide  of  silver  combines  with  metallic 
silver  and  with  sulphides  of  lead  and  iron.  The  analyses  of  bullion,  skimmings,  and 
mattes  show  that  these  reactions  take  place  in  Leadville. 

No.  38 — Sulphide  of  silver  heated  with  oxide  of  lead  is  reduced  to  the  metallic 
state,  with  formation  of  an  alloy  of  lead  and  silver  and  sulphurous  acid  :  Ag2S+2PbO= 
2(PbAg)  +  SO2  (Percy-Smith).1 

NO.  39 — Sulphide  of  silver  is  not  completely  reduced  to  the  metallic  state  by 
metallic  lead  in  excess  (Percy). 

No.  40— Sulphide  of  silver  is  completely  reduced  to  the  metallic  state  by  iron, 
with  formation  of  sulphide  of  iron  (Berthier,  Percy,  and  others). 

No.  41 — Sulphide  of  silver  is  not  completely  reduced  by  iron  in  presence  of  an 
excess  of  sulphide  of  iron  (A.  Guyard):  The  matte  analyzed  in  XL,  and  which  yielded 
85.067  ounces  of  silver  to  the  ton  by  scoriflcation,  gave  only  80.10  ounces  when  it  was 
treated  directly  with  flux,  litharge,  an/l  iron.  This  experiment  throws  light  on  many 
furnace  reactions. 

Reactions<of  chloride  of  silver  — What  is  said  for  chloride  of  silver  is  true  for  bromide 
and  iodide. 

1  Quotations  from  Percy  aud  his  assistants  are  taken  from  Percy's  MetallHrgy  of  Silver  aud 
Gold.  Part  1.  London,  1880. 
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No.  42 — it  is  a  well-known  fact  that  this  compound  is  volatile;  hence  its  presence 
in  large  quantities  in  the  lead  dust  and  even  in  the  lost  fumes. 

NO.  43 — Chloride  of  silver  is  reduced  in  the  dry  way  by  metallic  lead  and  also  by 
metallic  iron.  It  is  owing  to  these  important  reactions  tha-t  so  much  chloro-biomo 
iodide  of  lead  is  formed  and  that  so  much  silver  is  reduced  in  the  bullion. 

REACTION'S   OK   1ROX   COMPOUNDS. 

No.  44.  Reactions  of  carbonate  of  iron — Carbonate  of  iron  is  reduced  at  red  heat  to 
the  state  of  magnetic  oxide  of  iron  with  formation  of  carbonic  oxide  (I.  Lowthiau 
Bell),1  with  formation  of  peculiar  magnetic  oxide  of  iron,  containing  an  excess  of  pro 
toxide  of  iron  (Percy).8  The  writer  has  found  a  similar  magnetic  oxide  of  iron  in  slags 
and  mattes. 

No.  45.  Reactions  of  peroxide  of  iron — Under  the  influence  of  carbonic  oxide,  peroxide 
of  iron  begins  to  lose  oxygen  at  the  temperature  of  200°  C.,  protoxide  of  irou  being 
formed  as  well  as  carbonic  acid.  The  decomposition  increases  rapidly  with  the  tem- 
perature until  it  reaches  417°  C.  The  loss  in  oxygen  is  greater  in  the  same  lapse  of 
time  in  a  rapid  current  of  carbonic  oxide.  At  410°  C.  peroxide  of  iron  loses  30  per 
cent,  of  its  oxygen  in  a  slow  current  of  carbonic  oxide  and  50  per  cent,  in  a  rapid  cur- 
rent of  the  same  gas  (Bell).  In  the  blast  furnaces  of  Leadville  the  conditions  are 
those  of  a  rapid  current.  To  form  magnetic  oxide,  peroxide  of  iron  must  lose  11.1  per 
cent,  of  its  oxygen,  and  to  form  protoxide  of  iron  33.3  per  cent.  Consequently  at  the 
temperature  of  410° — i.  e.,  below  red  heat — and  in  a  rapid  current  of  carbonic  oxide, 
peroxide  of  iron  losing  more  than  50  per  cent,  of  its  oxygen,  some  metallic  irou  is 
produced.  This  is  an  important  fact,  but  one  which  is  profoundly  moditied  in  the  fur- 
nace, wheie  carbonic  oxide  is  diluted  with  nitrogen  and  carbonic  acid. 

No.  46 — Atthe  tetnperatureof41i°C.  —  that  is,  at  the  teuiperatureat  which  metal- 
lic irou  makes  its  appearance  —  it  is  rapidly  attacked  by  carbonic  acid,  with  formation  of 
oxide  of  irou  and  oxide  of  carbou  (Bell). 

No. 47 — At  the  same  temperature  of  417°  C.  a  mixture  of  equal  volumes  of  car- 
bonic acid  and  carbouic  oxide  exerts  no  action  upon  metallic  iron,  but  at  full  red  heat 
the  carbouic  acid  of  the  mixture  is  rapidly  decomposed  and  converted  into  carbouic 
oxide  (Bell). 

NO.  48 — Mixtures  of  carbonic  acid  and  oxide  reduce  peroxide  of  iron,  bu;  only  to 
the  state  of  protoxide,  at  the  temperature  of  417°  C.,  with  formation  of  carbouic  acid 
(Bell). 

No.  49 — A  mixture  of  carbouic  acid  with  an  excess  of  oxide  of  carbou  (CO2  9 
volumes,  CO  100  volumes)  oxidizes  spongy  iron,  and  carbon  is  deposited  from  reduced 
oxide  of  carbon,  oxide  of  irou  being  formed.  Pure  spougy  irou  thus  treated  has  for 
composition  Fe=91.42,  C=0.33,  O=8.25  (Bell).  In  pure  oxide  of  carbou  spougy  irou 
takes  up  as  much  as  23  per  cent,  of  carbou  (Bell). 

The  above  considerations,  which  are  purely  theoretical,  are  interesting  as  show- 
ing the  mechanism  of  the  formation  of  cast  irou  in  the  blast  furnaces,  such  as  those 
of  Leadville,  in  which  the  phenomena  of  lead  and  silver  smelting  take  place  jointly 


1  All  quotations  from  I.   L.  Bell  are  from  his  Chnmical  Phenomena  ot    Iron  Smelting.     Lon- 
don, 1872. 

8  Percy's  Metallurgy  of  Irou  and  Steel.     Loudou,  1864. 
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with  those  of  iron  smeltiug;  but  the  following  experiments,  made  by  I.  L.  Bell  in  the 
iron  blast  furnaces  in  the  presence  of  the  gases  actually  produced  in  smeltiug,  show 
with  more  accuracy  the  real  process  of  the  reduction  of  iron : 

(a)  Furnace  working  with  raw  limestone;  pieces  of  calcined  Cleveland  ore  or 
artificial  hematite  kept  for  two  hours  in  the  zone  of  the  furnace  below  red  point. 
Composition  of  gases:  CO=100  volumes;  CO2=25  volumes;  N=190  volumes.     The 
ore  loses  11.85  per  cent,  of  its  oxygen  (mean  of  two  experiments). 

(b)  Same  experiment  as  in  a,  but  in  cherry-red  zone.    Composition  of  gases: 
C  1=100  volumes;  CO2=8J  volumes;  N=172£  volumes.    The  ore  loses  76.2  per  cent, 
of  its  oxygen,  showing  great  reduction  of  iron. 

(c)  Same  experiment  as  in  a  and  b,  but  in  bright-red  zone.    Composition  of  gases : 
CO^lOO  volumes;  CO2=3^  volumes;  N=169i  volumes.     The  ore  loses  73.8  per  cent, 
of  its  oxygen. 

(d)  Same  experiment  as  preceding,  but  in  very  bright-red  zone.    Composition  of 
gases:  CO=100  volumes;  CO2=3  volumes;  N=183J  volumes.    The  ore  loses  80  per 
cent,  of  its  oxygen. 

(e)  Same  experiment  as  preceding,  but  in  intensely  bright-red  zone  near  tuyeres. 
Composition  of  gases:  CO=100  volumes;  CO2=5  volumes;  N=172£  volumes.    The 
ore  loses  71  per  cent,  of  its  oxygen. 

To  interpret  correctly  these  experiments  we  must  take  into  consideration  that 
the  ore  does  not  remain  exposed  two  hours  to  the  influence  of  the  gases  of  the  same 
zone  in  the  furnaces  of  Leadville,  and  that  although  the  reducing  power  of  the  cor- 
responding zones  is  sensibly  the  same  the  quantity  of  ore  reduced  is  greatly  dimin- 
ished. 

Reactions  of  sulphides  of  iron — Pyrites  existing  in  some  ores  and  sulphide  of  iron 
being  formed  in  the  furnace,  the  following  reactions  are  interesting: 

No.  50. — Protosnlphide  of  iron  and  peroxide  of  iron  act  upon  each  other  with 
formation  of  magnetic  oxide  of  iron  and  sulphurous  acid:  FeS+10Fe2O3=7Fe3  O4 
+  SO2  (Percy-Hochstatter).  To  this  reaction  is  probably  due  in  part  the  magnetic 
oxide  of  mattes. 

No.  5'. — Iron  pyrites  and  oxide  of  lead  react  upon  each  other,  give  off  sulphurous 
acid,  and  form  a  magnetic  mixture  of  sulphides  and  oxides  of  lead  and  iiou  (Percy). 
In  this  instance  the  origin  of  mattes  is  clearly  indicated. 

CHEMICAL   DISCUSSION    OF   THE   LEADVILLE   FURNACES.       . 

The  object  of  this  discussion  is  to  illustrate  the  chemical  and  metallurgical  re- 
actions of  the  blast  furnace,  and  it  is  based  as  much  as  possible  on  general  averages 
obtained  during  the  preparation  of  this  report. 

It  has  already  been  seen  (Table  IV) : 

(1)  That  the  average  proportion  of  fuel  to  ore  is  32.83  per  cent. 

(2)  That  the  average  proportion  of  fuel  to  charge  is  24.03  per  cent. 

(3)  That  the  average  composition  of  the  fuel  used  in  the  camp  is:  charcoal,  57 
per  cent.;  coke  43  per  cent.  =  100  per  cent. 

(4)  That  the  average  proportion  of  ash  in  coke  is  22  per  cent,  and  in  charcoal 
2.5  per  cent.,  giving  for  the  fuel  under  consideration  an  average  of  10.88  per  cent,  of 

xn 47 
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ash.     We  will  assume  from  the  nature  of  this  fuel  that  its  average  proportion  of 
moisture  is  equal  to  5  per  cent,  and  of  gases  3  per  cent. 

Raw  materials — The  average  composition  of  ore,  heoiatite,  dolomite,  fuel,  ash  in 
fuel,  and  atmospheric  air  which  will  be  adopted  in  this  discussion  is  the  following : 


Component  paits. 

Ore. 

Hematite. 

Dolomite. 

Fuel. 

Ash  in  fuel. 

Atmospheric 
air. 

80.82 

3  00 

77  50 

9  53 

22.50 

21  41 

5.58 

45  83 

3  50 

0  04 

5.53 

1.92 

0.10 

5.00 

1  05 

23.00 

Silvc-  

0.31 

18.10 

52.50 

3.99 

0.50 

0  66 

«2  °0 

4  03 

0  42 

Lime 

2.36 

0.37 

30.88 

4  00 

3.04 

0.83 

19.57 

0  50 

Alkalies 

0.08 

2  00 

Sili,  ;l                                    ....                           

22.59 

16.30 

2.40 

50  fO 

Auli                        



in  ,-.- 

0.96 

)  :-0 

0  58 

0  :i» 

11  00 

Totals                                              -  -  • 

100.00 

100.00 

100.00 

11  0  00 

100  00 

100  00 

a  It  will  be  assumed  that  this  peroxide  of  iron  escapes  redaction. 

'<  Sulphur,  arsenic,  antimony,  chlorine,  phosphoric  acid,  &<:.,  are  neglected  in  subsequent  calculation*. 

The  composition  of  old  slags  is  not  given  here,  it  being  unnecessary  for  this  dis 
cussion. 

Of  the  above  chemical  constituents  the  following  proportional  quantities  enter  into 
the  smelting  charge,  calculated  on  the  basis  of  averages  given  in  Section  V  of  Table  IV: 


Constituents  of  smelting  charges. 

From  ore. 

From  hem- 
atite. 

From  dolo- 
mite. 

From  fuel. 

From  ash 
in  fuel. 

26  533 

0  985 

9  S3 

1  867 

5  58 

1    H.-li 

0  1°5 

5.53 

0.159 

0.011 

1  611 

Lead 

23  00 

Silver                              .                

0  31 

Mctalliciron  

18.10 

4.357 

3  99 

0  041 

0  072 

0  793 

4  03 

0  035 

2.36 

0  031 

3  360 



0  143 

3  04 

0  052 

2  129 

Alkalies   

0  98 

0  071 

Silica  

22.59 

1  353 

0  261 

2  0  "ft 
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The  above  figures  may  be  conveniently  combined  as  follows: 

Volatile  portion. 

Carbou  from  fuel 26. 533 

Gases  from  fuel 0.985 

Carbonic  acid  from  ore,  dolomite,  and  ash 10. 691 

Oxygen  from  Fe2Oa  in  ore  and  hematite,  escaping  as  CO3 3.208 

Oxygen  from  MuO»  in  ore  and  hematite,  escaping  as  COj 0. 747 

Oxygen  from  PbO  escaping  as  C03 1.640 

Moisture  from  whole  charge 7.341 

f     Pb=1.040 
Dust  and  fumes  carried  away ^      Ag=0.011 

i.  Dust=0.  890 

1.941 


Total 53.086 

Slag. 

Silica 26.202 

Alkalies 1.051 

Magnesia 5. 239 

Lime 5.894 

Alumina 4.031 

Protoxide  of  iron 28.873 

Pevoxide  of  iron 0.865 

Protoxide  of  manganese 3.318 

Protoxide  of  lead 1.860 

Old  slag 17.441 

Total 94.774 

Less  dust..  0.890 


Total  slag  produced 93.884 

Bullion. 

Lead 20.240 

Silver...  0.299 


Total 20.539 


Total  of  volatile  portion,  slag,  and  bullion 167.  509 

In  these  calculations  speiss  and  matte  have  been  purposely  neglected.  Besides 
the  descending  charge  of  solid  matter  thrown  in  the  furnace  at  the  feed-hole,  there  is 
the  ascending  charge  of  blast  forced  in  at  the  tuyeres.  The  weight  of  the  gaseous 
charge  will  be  calculated  after  the  weights  of  charges  filling  the  furnace  have  been 
determined. 

This  discussion  is  carried  on  for  the  blast  furnace  of  smelter  C,  which  is  shown 
in  Fig.  2,  Plate  XXXVI,  divided  into  zones  of  charges  and  temperatures  in  accord- 
ance with  the  working  of  this  furnace.  These  zones  will  be  designated  hereafter  by 
their  temperatures.  The  zone  900°  of  the  crucible  is  charged  with  12  tons  of  bullion.1 

It  is  assumed  that  the  furnace  is  in  full  blast;  that  the  weight  of  smelting  charges, 
including  fuel,  is  equal  to  502.527  pounds,  or  three  times  the  weight  of  the  charge  cal- 

1  Temperatures  are  theoretical,  not  observed. 
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calated  for  100  pounds  of  ore.  This  figure  is  calculated  from  the  capacity  of  the 
furnace,  and  represents  very  nearly  a  semi  charge  of  smelter  C,  but  as  a  great  many 
furnaces  run  charges  of  this  weight  it  will  be  adopted  in  this  discussion.  The  fur- 
nace is  capable  of  smelting  this  charge  in  about  seven  minutes,  giving  a  cake  of  slag 
weighing  281. G52  pounds,  and  it  is  assumed  that  at  the  time  of  the  experiment  the 
furnace  is  properly  filled  with  eleven  similar  charges,  each  charge  being  divided  into 
two  layers,  a  layer  of  fuel  and  old  slag  and  a  layer  of  flux  and  ore,  all  these  supposi- 
tions and  all  the  figures  adopted  being  in  perfect  accordance  with  the  practical  work- 
ing of  the  furnace. 

The  composition  in  pounds  of  the  charge  in  zone  150°,  the  zone  in  which  it  is 
thrown  into  the  furnace,  will  be  as  follows : 

Carbon 79.r>;i9 

.      Gases  frooi  fuel  2. 9.V> 

Carbonic  acid  (C— 8.  747) 33.073 

Oxygen 33.7!»i 

Moisture 22.  023 

Lead  (total  CO.  combined  with  PbO  =  14.667;  PbO=6S.774;  O=4.934)  ..  63.840 

Silver. 0.930 

Metallic  iron  (FeaO^-Q.i.OSe  ;  FeO=86.620;  Fe2O3=96.244) 07.371 

Oxide  of  lead  in  slag ;.  5.580 

A  In  in  in. -i 12.  OSM 

Peroxide  of  iron  2.  .">!•."> 

Peroxide  of  manganese  (MnO- 9. 952;  O=2.243) 12.  11).' 

Silica 78.606 

'  \  (total  CO  in  combinatiou=17.406)  .. 
Magnesia  ) v  \      15. 717 

Alkalies 3.  153 

Old  slag 52.3-23 

Total 502.527 

Weight  of  blast — it  will  be  seen  in  the  discussion  of  losses  in  each  zone  of  the 
furnace  that  of  the  79.599  pounds  of  carbon  thrown  in  the  furnace  with  each  charge 
only  32.1257  pounds  reach  the  zone  of  combustion.  It  is  this  quantity  of  carbon  which 
will  enable  us  to  calculate  the  quantity  of  air  necessary  to  convert  it  into  carbonic 
acid  in  seven  minutes,  an  excess  of  air  being  injurious  and  calculated  to  cool  the 
furnace.  As  32.1257  pounds  of  carbon  require  85.C085  pounds  of  oxygen  for  their  com- 
bustion into  carbonic  acid,  it  is  deduced  from  the  composition  of  air  given  previously 
that  the  air  blown  in  the  furnace  in  seven  minutes  will  be  composed  of — 

Oxygen 85.  i 

Moisture 4.2023 

Carbonic  acid 0.  1600 

Nitrogen 310.1031 

Total 400.1339 

In  other  words,  the  weight  of  air  strictly  necessary  to  burn  the  carbon  left  in  the 
smelting  charge  at  the  tuyeres  is  about  four-fifths  of  the  weight  of  the  charge  thrown 
in  at  the  feed-hole.  At  sea-level  the  volume  of  air  corresponding  to  the  weight  of 
400.1339  would  be  5,356  cubic  feet  (1  cubic  foot=538.569  grains).  In  Leadville,  at  the 
normal  pressure  of  21  inches  of  mercury,  the  volume  of  the  same  weight  of  air  is  rep- 
resented by  7,006.2  cubic  feet. 
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It  has  been  seen  that  the  normal  volume  of  blast  delivered  by  the  blower  con- 
nected with  this  furnace  is  2,550  cubic  feet  per  minute,  or  17,850  cubic  feet  in  seven 
minutes,  at  the  rate  of  80  revolutions  per  minute;  consequently,  9,943.8  cubic  fret  of 
blast  must  be  shut  out  during  the  seveu  minutes.  This  is  done,  as  before  showu,  by 
leaving  open  the  damper  placed  at  the  extreme  end  of  the  main  blast-pipe.  However, 
there  is  hardly  any  doubt  that  iu  practice  an  excess  of  air  passes  through  to  the  fur- 
nace, and  it  is  to  avoid  this  that  the  adoption  of  a  meter  to  be  placed  at  the  induction 
pipe  has  been  recommended. 

LOSS  of  weight  of  charges.— The  data  are  now  prepared  which  are  necessary  for  the 
discussion  of  the  loss  of  weight  of  smelting  charges  in  every  zone  of  the  furnace  in  seven 
minutes,  and  for  giving  an  idea  of  the  chief  reactions  that  take  place  in  each.  As  the 
element  of  time  is  all-important  iu  these  discussions,  the  reactions  have  been  de- 
scribed in  zones  of  temperature  higher  than  those  indicated  by  theory;  but,  if  there 
are  a  few  errors  of  judgment  in  the  position  assigned  to  them,  the  final  results  remain 
unaltered. 

The  weight  of  gases1  which  pass  through  the  uppermost  zone  in  seven  minutes  is 
as  follows: 

Zone  of  gases  150°  C. 

Carbonic  acid 27.455 

Oxide  of  carbon 188.771 

Vapor  of  water 26. 225 

Nitrogen 310. 103 

Gases  from  fnel  S.  955 

Dust  anil  lead  fumes 5.823     . 


Total 561.322 


Zone  of  desiccation  150°  C. 

Weight  of  charge  entering  zone 502.5270 

It  loses  oue- fourth  of  its  moistnre  (chiefly  from  the  ore),  or 5.5058 

It  loses  one-eleventh  of  total  loss  in  dust  and  fumes 0.  5?94 

6. 0352 

Zone  of  desiccation  '-255°  C. 

Weight  of  charge  entering  zone 496.4918 

It  loses  one-1'onrth  of  its  moisture  (chiefly  from  the  ore) 5.5058 

It  loses  one-eleventh  of  total  loss  in  dust  and  fumes 0.5294 

6. 0352 


Zone  of  desiccation  360°  C. 

Weight  of  charge  entering  zone 400. 4566 

It  loses  one-fourth  of  its  moisture  (from  ore  and  fuel) 5. 5057 

It  loses  one-eleventh  of  total  loss  in  dust  ami  fumes 0. 5294 

6.0351 


Zone  of  desiccation  465°  C. 

Weight  of  charge  entering  zone 484. 4215 

It  loses  the  remaining  one-fourth  of  its  moistnre  (chiefly  from  fuel) 5.  5057 

It  loses  one-eleventh  of  total  loss  in  dust  and  fumes 0.  5294 

6. 0351 

478.  3804 

1  As  no  analyses  were  made  of  the  gasts  passing  through  the  different  zones  of  the  furnaces  at 
Leadville,  the  figures  given  by  Mr.  Guyard  in  the  following  tables  cannot  lie  assumed  to  represent 
their  actual  composition.  In  point  of  fact,  their  composition  must  be  very  different  from  that  assumed 
by  him,  owing  to  the  excess  of  blast  used.  His  idea  is  evidently  to  represent  what  the  theori  tical 
conditions  iu  the  furnace  should  be  when  employing  the  least  amount  of  blast  for  the  given  amount  of 
fuel.  (8.  F.  E.) 
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Zone  of  decomposition  570°  C. 
Weight  of  charge  entering  zone 478.3864 


It  loses: 

One-eleventh  of  tie  total  loss  in  dust  and  fumes 0. 5294 

One-half  of  tho  gases  from  fuel 1.4775 

One-balf  of  the  COj from  PbO,  CO«    7.3333 

C  oxidized  by  J.COt  formed  in  zone  780°  C.  (2.2614  pounds  COi) 0. 6167 

C  oxidized  by  J  COt  formed  in  zone  885°  C.  (5.4436  pounds  COt) 1.4846 

C  oxidized  by  .J  COj  formed  in  zone  990°  C.  (3.5288  pounds  COt) 0. 9624 

C  oxidized  by  J  COi  formed  in  zone  1,095°  C.  (0.882.'  pounds  COt) 0.  2406 

C  oxidized  by  A  COj  formed  in  zone  1,200°  C.  (10. 7086  pounds  COt)  2.9205 

C  oxidized  by  }  COi  expelled  from  PbO.  COt  in  zone  675°  C.  (2.4444  pounds 

COt) 0.6667 

C  oxidized  by  J  COt  excelled  from  carbonates  in  zone  960°  C.  (1.1604  pounds 

CO*) 0.3164 

C  oxidized  by  J  COi  expelled  from  carbonates  in  zone  1,095°  C.  (0.9670  pounds 

COi) 0.2637 

C  oxidized  by  }  COt  expelled  from  carbonates  in  zone  1,200°  C.  (0.8288  pounds 

COi) 0.2260 

17  0378 

Total  C  oxidized  in  zone  570°  C 7.6976 

Total  CO  formed  in  same  zone  35.9221 


Zone  of  reaction  675°  C. 

Weight  of  charge  entering  zone 461.3486 

It  loses : 

One-eleventh  of  the  total  loss  in  dust  and  fames 0.5294 

The  remaining  }  of  gases  from  fuel 1. 4775 

The  remaining  i  of  COi  from  PbO,  COii 7.3334 

U  oxidized  by  J  COt  formed  in  zone  780°  C.  (2.2614  pounds  COt)  0. 6168 

C  oxidized  by  J  COt  formed  in  zone  885°  C.  (5.4436  pounds  COt) 1. 4846 

C  oxidized  by  i  COt  formed  in  zone  990°  C.  (3.5288  pounds  COt) 0. 9624 

C  oxidized  by  J  COt  formed  in  zone  1,095°  C.  (O.S322  pounds  COt) 0. 2406 

C  oxidized  by  A  COt  formed  in  zone  1,200°  C.  (10.7080  pounds  COt) 2.  9205 

C  oxidized  by  i  COt  expelled  from  carbonates  in  zone  990°  C.  (1.1604  pounds 

COt)  0.3165 

C  oxidized  by  $  COt  expelled  from  carbonates  in  zone  1,095°  C.  (0.9670  pounds 

COi) 0.2637 

C  oxidized  by  I  COt  expelled  from  carbonates  in  zone  1.200°  C.  (0.8288  pounds 

COi) 0.2260 

10  3714 

Total  C  oxidized  in  zone  675° C 7.0311 

Total  CO  formed  in  same  zone  ...  32.8118 


Zone  of  reduction  780°  C. 

Weight  of  charge  entering  zone 444.9772 

It loaes : 

One-eleventh  of  the  total  loss  in  dust  and  f units 0. 5294 

One-half  of  the  oxygen  from  total  I'bO  reduced  (this  forms  with  CO  6.78425 

pounds  COt.  of  which  f  is  reduced  in  zones  570°  and  675°,  while  i  escapes) . .  2. 4670 

C  oxidized  by  J  COi  formed  in  zone  885°  C.  (5.4437  pounds  COt) 1. 4847 

C  oxidized  by  i  COt  formed  in  zone  990°  C.  (3.5288  pounds  COi) 0.9624 

C  oxidized  by  i  COi  formed  in  zone  1.095°  C.  (0.8822  pounds  COt)  0. 2406 

C  oxidized  by  VtCOt  formed  in  zone  1,200°  C.  (10. 7086  pounds  COt) 2.920J 

C  oxidized  by  J  COt  expelled  from  carbonates  in  zone  990°  C.  (1.1604  pounds 

COt) 0.3165 

o  It  will  be  assumed  that,  owing  to  the  velocity  of  blast,  the  admixture  of  inert  gases  from  zone* 
below,  and  the  low  temperatures  of  zones  above,  this  COt  escapes  reduction  to  CO. 

&  It  will  be  assumed,  for  the  reasons  stated  under  zone  570°,  that  only  j  of  the  COi  driven  off  here 
Is  reduced  to  CO  in  nppcr  zone  57u°. 
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C  oxidized  by  J  CO*  expelled  from  carbonates  in  zone  1,095°  C.  (0.9C70  pounds 

CO*) °'2637 

C  oxidized  by  i  CO*  expelled  from  carbonates  in  zone  1,200°  C.  (0.8288  pounds 

CO,) °-226(> 

9. 41 

Total  C  oxidized  in  zone  780°  C 6.4144 

Total  CO  formed  in  same  zone 29.9339 

Of  this  latter  t here  is  used  for  reduction  of  ore 4.  3172 


Leaving  for  escaping  CO 25.6167 


Zone  of  reduction  885°  C. 

Weight  of  charge  entering  zone 435,5664 

It  loses: 

One-eleventh  of  the  total  loss  in  dust  and  fumes 0.5293 

The  remaining  j  of  oxygen  from  total  PbO  reduced 2.4670 

Oxygen  from  MnO*  reduced  to  MnO 2.2430 

Oxygen  from  Fe*0s  reduced  to  Fes04 3.2080 

(Total  oxygen  7.9180.    This  forma  with  CO  21.7745  pounds  CO*,  of  which  j 
is  reduced  in  upper  zones,  while  J  escapes.) 

C  oxidized  by  J  CO2  formed  in  zone  990^  C.  (3.5288  pounds  CO*) 0.  9624 

C  oxidized  by  J  CO*  formed  in  zone  1,095°  C.  (0.8023  pounds  CO*) 0. 2406 

C  oxidized  by  ft  CO*  formed  in  zone  1,200°  C.  (21.417 1  pounds  CO*) 5. 84 10 

C  oxidized  by  J  CO?  expelled  from  carbonates  in  zoue  990°  C.  (1.1604  pounds 

CO*) '. °-3165 

C  oxidized  by  J  CO;  expelled  from  carbonates  in  zone  1,095°  C.  (0.9670  pounds 

CO,) O-2637 

C  oxidized  by  I,  CO*  expelled  from  carbonates  in  zone  1,200°  C.  (0.8289  pounds 

C02) 8.2281 

16. 2976 

Total  C  oxidized  in  zone  885°  C 7.8503 

Total  CO  formed  in  same  zone 36. 6347 

Of  this  latter  there  is  used  for  reduction  of  ore 13.3565 

Leaving  for  escaping  CO 22. 7782 


Zone  of  semi-ayylomeration  990°  C. 

Weight  of  charge  entering  zone 419.2688 

It  loses : 

One-eleventh  of  total  loss  in  dust  and  fumes 0.5293 

One-third  of  CO*  from  carbonates 5.8020 

(Of  this  ^  is  reduced  in  upper  zones,  while  i  escapes.) 

Oxygen  from  FeaOa  reduced  to  FeO 6. 4160 

(This  forms  with  CO  17.6440  pouuds  CO*,  of  which  j  is  reduced  in  upper 
zones,  while  J  escapes. ) 

C  oxidized  by  J  CO*  formed  in  zone  1,095°  C.  (0.8823  pounds  CO*) 0  2407 

C  oxidized  by  ft  CO*  formed  in  zone  1.200°C.  (32.1256  pounds  CO*) 8.761(i 

C  oxidized  bv  J  CO*  expelled  from  caibonatesin  zone  1,095°  C.  (0.9670  pounds 

CO*) ' °-2<«7 

C  oxidized  by  \  CO*  expelled  from  carbonates  in  zoue  1,200°  C.  (0.8289  pounds 

CO,) O-2261 

22. 2395 

Total  C  oxidized  in  zone  990°  C : 0.4921 

Total  CO  formed  in  same  zone 44.2965 

Of  this  latter  thero  is  used  for  reduction  of  ore 11.2280 


Leaving  for  escaping  CO 33.  0685 
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Zone  of  agglomeration  1,095°  C. 

"Weight  of  charge  entering  zone   397,  0293 

It  loses : 

One-eleventh  of  the  total  loss  in  dust  and  fumes 0.529! 

One-third  of  the  COz  from  carbonates 5.8020 

(Of  this  j  is  reduced  in  upper  zones,  while  J  escapes.) 

Oxygen  from  T'0  FeO  reduced  toFe 1.9249 

(This  forms  with  CO  5.2935  pounds  COj,  of  which  |  is  reduced  above,  while 

j  escapes.) 
C  oxidized  by  $  COi  expelled  from  carbonates  in  zone  1,200°  C.  (0.8289  pounds 

COi) 0.2261 

C  oxidized  by  -f,  COj  formed  in  zone  l,i-00°  C.  (32.1256  pounds  COi) 8.7616 

17. 2439 

Total  C  oxidized  in  zone  1,095°C 8.9877 

Total  CO  formed  in  same  zone 41.9426 

Of  this  latter  there  is  used  for  redaction  of  oro 3. 3686 


Leaving  for  escaping  CO 3R  5740 

Zone  of  combustion  and  reaction  by  contact  of  solid  matter,  1,200°  C. 

Weight  of  charge  entering  zone     379.7854 

It  loses: 

One-eleventh  of  the  total  loss  in  dust  and  fumes 0. 5293 

One-third  of  the  COi  from  carbonates 5.8020 

(Of  this  $  is  reduced  in  upper  zones,  while  i  escapes.) 

C  oxidized  to  COj  32. 1JJ7 

38. 4580 


Remaining  in  furnace 341. 3274  a 

Weight  of  bullion  reaching  zone  of  crucible  61.6170 

Weight  of  slag  produced 281.6520 

343.2690 

Chemical  reactions  of  the  different  zones — Soaie  important  reactioilS  begin  to  take 
place  in  zone  570°  C.  and  are  continued  in  zone  075°  C.  Oxide  of  lead  acts  on  galena, 
sulphide  of  silver,  aud  pyrites,  and  some  sulphurous  add  is  evolved.  Mattes  begin 
to  form.  Oxide  of  lead  acts  on  silica,  and  some  .silicate  of  lead  is  formed.  In  practice 
dolomites  lose  here  a  portion  of  their  carbonic  acid,  but  the  discussion  has  been  carried 
on  as  if  dolomite  behaved  like  carbonate  of  liuie,  in  order  to  get  at  extreme  results. 

In  zone  780°  C.,  the  important  reaction  of  reduction  of  lead  taking  place,  several 
more  reactions  are  produced  in  consequence.  Metallic  lead  acts  on  arseniate  and 
antimouiate  of  lead,  forming  arseniuret  and  antiiuoniuret  of  lead,  with  regeneration 
of  oxide  of  lead.  Metallic  lead  acts  also  on  sulphate  of  lead,  with  regeneration  of  oxide 
and  evolution  of  sulphurous  acid;  all  the  reactions  which  have  escaped  completion  in 
the  upper  zones  are  completed  here.  Metallic  lead  acts  on  galena,  and  subsulphides 
are  formed.  Sulphide  of  lead  acts  on  sulphate  and  oxide  of  lead,  with  evolution  of 
sulphurous  acid  and  reduction  of  lead.  Sulphide  of  lead  acts  ou  silicate  of  lead,  aud 
mattes  are  produced.  Metallic  lead  acts  ou  chloro-bromo  iodide  of  silver  and  forms 


aThe  discrepancy  between  this  number  and  that  next  below,  representing  the  sum  of  bullion  and  slag,  is  mainly  <!;K-  to 
the  fact  that  while  Mr.  Guyard  expressly  says  (p.  739)  he  has  neglected  consideration  of  speiss  and  matte  in  this  iliscussion, 
he  nevertheless  allows  for  the  reduction  of  •£,  FeO  in  zone  1,093°  C.  Calculations  carried  out  with  a  view  to  correcting  the 
above  discrepancy  give  32.7272  as  the  amount  of  carbon  burnt  in  zone  1,200°.  Such  correction  involves,  naturally,  slight  alter- 
ations in  some  of  the  figuies,  representing  loss  in  all  except  the  four  highest  of  the  other  zones,  and  also  alters  the  data 
relative  to  the  amount  of  blast  theoretically  required.  A  second  cause  of  difference  between  the  above  numbers  is  found 
in  the  fact  that  the  figures  for  composition  of  charge  (p.  74P)  are  accurate  in  some  cases  only  to  the  second  decimal  figure. 
The  slight  inaccuracies  in  the  values  of  the  third  decimal  necessarily  involve  errore  in  calculations  carried  to  four  decimal 
places.  (S.  F.E.) 
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chloro-bronio  iodide  of  lead,  which  is  volatilized  with  the  chlorophosphate  of  lead  of 
the  ore,  arid  reduced  silver  alloys  with  lead,  forming  bullion.  Sulphide  of  silver  is 
partly  acted  upon  by  lead  also,  and  some  galena  is  regenerated.  Chloro-bromo-iodide 
of  lead  acts  on  galena  and  volatilizes  a  portion  of  this  substance. 

Zone  885°  C.  is  one  of  the  most  important  with  regard  to  reactions.  Silicate  of 
lead  acts  partly  on  the  magnetic  oxide  of  iron  formed,  reoxidizes  it,  and  some  peroxide 
of  iron  combines  with  silica.  All  the  constituents  of  the  charge  are  in  a  semi-fluid 
condition,  and  all  possible  compounds  are  formed  here,  some  of  which  will  be  destroyed 
by  thorough  fusion  in  lower  zones.  Sulphate  of  lead  is  acted  on  energetically  by 
silica  ;  all  the  reactions  of  zone  780°  G.  are  produced  here  also  with  even  more  energy. 
Sulphide  of  carbon  is  formed  and  produces  sulphides  of  silicium  and  magnesium. 
Some  volatile  chlorides  of  non-volatile  metals  are  also  formed.  All  the  reactions 
which  generate  mattes  are  to  be  observed  in  this  zone.  In  this  zone  also  the  quantities 
of  carbonic  oxide  and  carbonic  acid  are  nearly  equal.  Hematite  loses  completely  the 
carbonic  acid  of  its  carbonate  of  iron.  Zinc,  reduced  in  zones  below,  acts  on  galena, 
and  sulphide  of  zinc  is  formed. 

Zone  990°  C.  is  one  of  very  important  reactions.  Lime  and  magnesia  being  set 
free  act  energetically  on  sulphide  of  lead  and  pyrites,  forming  the  sulphide  of  calcium 
found  in  the  slag.  Silica  combines  with  lime,  magnesia,  and  protoxide  of  iron,  and 
slag  is  formed.  Oxide  of  )ead  is  expelled  from  its  silicate.  Phosphate  of  lead  which 
has  escaped  volatilization  forms  the  phosphate  of  lime  found  in  slags  and  accretions. 

In  zone  1,095°  C.,  iron  reduces  arseuiuret  of  lead,  forming  spiess,  and  sulphide 
of  lead,  forming  matte.  It  acts  also  on  oxide  of  lead  expelled  from  silicate,  forming 
magnetic  oxide  of  iron,  which  enters  the  slag  and  the  matte.  This  zone  is  the  zone  of 
refining  of  bullion.  It  is  here  also  that  inolybdic  oxide  is  reduced  and  that  iron  and 
speiss  combine  with  it. 

The  preceding  chemical  discussion  was  carried  on  also  with  a  view  to  ascertain 
the  zones  of  absorption  and  of  production  of  heat  in  the  furnace,  and  it  was  the  writer's 
intention  to  develop  a  complete  thermic  discussion  of  the  different  zones;  but  neither 
the  time  nor  the  means  of  determining  with  accuracy  a  few  important  data  peculiar 
to  the  blast-furnaces  in  which  lead  is  smelted  could  be  had,  and  a  discussion  based  on 
hypotheses  would  have  lost  all  scientific  or  practical  value. 

CONCLUSIONS. 

The  chief  conclusions  arrived  at  in  the  preceding  pages  are : 

1.  That  smelting  in  Leadville  is  a  profitable  operation,  but  that  the  aggregate 
smelting  capacity  of  the  working  smelters  is  about  equal  to  the  present  mining  product 
of  the  camp. 

2.  That  lead  smelting  in  Leadville  has,  on  the  whole,  been  brought  to  a  state  of 
great  perfection  with  regard  both  to  the  plant  adopted,  which  is  constructed  on  the 
most  approved  principles,  and  to  the  manner  in  which  fuel,  fluxes,  and  ores  are  mixed 
for  smelting,  giving  slags  which  are  remarkable  for  their  fluidity  and  not  too  highly 
charged  with  either  silver  or  lead  (especially  when  it  is  remarked  that  the  bullion  pro- 
duced is  very  rich),  and  from  which  by-products,  such  as  speiss  and  matte,  are  easily 
detached. 

3.  That  the  quantity  of  by-products,  other  than  lead  fumes,  resulting  from  smelt- 
ing in  Leadville  amounts  to  but  little. 
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4.  That  the  camp  is  provided  with  the  necessary  plant  to  work  profitably  such 
by-products  as  are  generally  rich  in  silver  and  either  completely  neglected,  or  treated 
imperfectly  and  with  a  considerable  loss  of  silver. 

5.  That  the  mode  adopted  at  a  great  many  smelters  of  mixing  and  resmeltiug 
with  caustic  lime  the  chamber  dust,  formed  in  considerable  quantity,  is  the  best  that 
could  have  been  devised,  and  that  it  would  be  advisable  to  substitute  pure  lime  for 
the  dolomitic  lime  used  in  Leadville  for  this  operation. 

6.  That  the  numerous  imperfections  noticeable  at  various  smelters  are  mostly 
intentional  and  based  on  economical  grounds,  and  not  on  ignorance,  for  smelting  is 
conducted  in  Leadville  by  very  clever  superintendents  and  smelters. 

7.  That  the  smelting  of  lead  ores  in  the  presence  of  iron-stone  has  here  been 
brought  to  a  state  of  great  practical  perfection,  and  is  carried  on  most  successfully 
from  one  year's  end  to  the  other  with  the  greatest  regularity  at  a  dozen  smelters,  and 
that  superintendents  of  smelters  do  not  hesitate  to  introduce  in  the  charges  sometimes 
very  large  quantities  of  galena,  which  are  reduced  with  the  greatest  facility. 

8.  That,  owing  to  the  peculiar  nature  of  the  Leadville  ores  and  to  the  great  alti 
tude  at  which  smelting  is  performed,  which  increases  the  volatility  of  lead  compounds, 
attempts  ought  to  be  made  to  substitute  caustic  lime  free  from  magnesia  for  the  raw 
dolomite  used  in  Leadville,  in  order  to  avoid  as  much  as  possible  the  formation  of 
volatile  lead  compounds. 

9.  That,  caeteris  paribus,  dolomite  forms  as  good  a  flux  as  calcitic  limestone,  so  far 
as  the  actual  working  of  the  blast-furnaces  is  concerned,  and  that  the  fluidity  of  the 
slag  thus  formed  is  not  only  irreproachable  but  quite  remarkable. 

10.  That,  besides  the  substances  existing  in  large  quantities  in  the  camp,  such 
as  silica,  sulphur,  carbonic  acid,  lime,  magnesia,  alumina,  oxides  of  iron  and  man- 
ganese, lead,  silver,  chlorine,  and  phosphoric  acid,  the  following  substances  exist  in 
small  quantities:   Sulphuric  acid,  titanic  acid,  bromine,  iodine,  zinc,  baryta,  gold, 
nickel,  molybdenum,  arsenic,  antimony,  and  copper;  and  that  traces  of  the  following 
substances  may  be  detected:  Tin,  bismuth,  cobalt,  indium,  selenium,  tellurium,  cad- 
mium, and  a  new  metal,  which  has  been  imperfectly  studied  as  yet,  and  which  appears 
to  be  intermediate  between  the  metals  of  the  iron  group  and  those  of  the  lead  group. 

11.  That  the  ores  of  Leadville  are  either  rich  in  lead  and  poor  in  silver,  rich  in 
silver  and  poor  in  lead,  or  equally  rich  in  both  silver  and  lead,  and  very  variable  in 
composition ;  but  that,  by  judicious  admixtures  of  various  ores,  ore-beds  of  sensibly 
the  same  composition  are  made  at  the  smelters,  which  are  needed  to  insure  regularity 
in  the  smelting  operations. 

12.  That  the  quantity  of  lead  completely  lost  in  the  atmosphere  is  sensibly  twice 
as  large  as  the  quantity  of  lead  caught  in  the  dust-chambers  generally  used. 

13.  That  the  crude  bullion  extracted  in  the  blast-furnaces  of  Leadville  by  the 
process  referred  to  in  section  7  is  of  very  fair  quality,  and  that  a  little  of  its  silver  and 
some  of  its  lead  exist  there  in  the  state  of  sulphides. 

14.  That  mattes  (both  iron  and  lead  mattes),  which  had  hitherto  been  considered 
as  entirely  formed  of  sulphides,  are  crystallographic  compounds  of  sulphides  of  iron 
and  lead  and  crystallized  magnetic  oxide  of  iron.     (This  last  observation,  however,  in- 
terferes in  no  way  with  the  fact  that  in  various  smelting  operations  mattes  entirely 
formed  of  sulphides  are  produced.) 
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15.  That  slags  cauuot  very  well  be  compared  with  minerals,  from  which  they  dif- 
fer essentially;  that  they  contain  minute  quantities  of  carbonates  which  have  escaped 
destruction,  and  small  quantities  of  carbon  or  carburets,  two  products  which  hitherto 
had  not  been  generally  known  to  exist.    That  slags  are  formed  of  crystallographic 
compounds  of  silicates  of  iron,  manganese,  zinc,  lead,  lime,  and  magnesia  on  the  one 
hand,  and  on  the  other  of  a  peculiar  matte  which  is  designated  by  the  name  of  calcium 
matte,  and  which,  like  its  congeners,  is  formed  of  a  sulphide  (sulphide  of  calcium) 
and  of  magnetic  oxide  of  iron,  which  can  be  isolated  in  the  pure  crystalline  state. 

16.  That  at  least  three  distinct  metallurgical  kinds  of  speiss,  containing  two  dis- 
tinct chemical  arsenio-sulphurets  of  iron,  are  formed  in  lead  smelting  ;  and  that  they 
always  contain  small  quantities  of  nickel  and  molybdenum  entirely  concentrated  in 
them,  showing  that  the  metallurgy  of  molybdenum  could  be  conducted  jointly  with 
that  of  lead  with  ores  containing  only  traces  of  molybdenum. 

17.  That  a  very  curious  and  a  hitherto  unsuspected  reaction  takes  place  in  the 
blast-furnaces  of  Leadville,  by  means  of  which  cobalt  is  completely  separated  from 
nickel  (nickel  being  concentrated  in  speiss  and  cobalt  in  the  skimmings  of  the  lead- 
pots  of  blast  furnaces),  and  showing  that  the  metallurgy  of  both  metals  and  their  sep- 
aration could  be  effected  in  lead  furnaces  by  operating  under  conditions  similar  to 
those  observed  in  Leadville. 

18.  That  iron  sows  are  a  variety  of  speiss  and  present  a  great  analogy  with  the 
latter  products. 

19.  That  lead  fumes  are  very  complicated  products,  characterized  in  Leadville  by 
the  presence  of  no  inconsiderable  amount  of  chloro-bromo-iodide  of  lead  and  phos- 
phate of  lead,  and  that  they  contain,  contrary  to  the  opinion  formed  in  Leadville,  but 
small  quantities  of  arsenic  and  antimony. 

20.  That  the  practice  of  roasting  the  dust  in  order  to  free  it  from  arsenic  and 
antimony,  as  adopted  at  one  smelter,  is  a  useless  and  costly  one,  which  ought  not  to 
be  generalized  in  Leadville. 

21.  That  accretions  are  products  of  sublimation,  and  that  these  products,  which 
line  the  shafts  of  the  furnaces  and  interfere  seriously  with  a  regular  run,  might  be  to 
some  extent  avoided,  or  made  less  troublesome,  by  a  slight  modification  of  the  manner 
of  charging  the  furnaces  and  by  the  adoption  of  caustic  lime  instead  of  raw  limestone 
in  smelting. 

22.  That  some  accretions  are  characterized  by  the  concentration,  sometimes  in 
large  quantities,  of  metals  such  as  tin,  arsenic,  antimony,  and  zinc,  which  exist  but  in 
small  quantities  in  the  ores. 

23.  That  the  charcoal  used  in  smelting  is  of  very  good  and  the  coke  of  bad  qual- 
ity; but  that  the  fuel  obtained  by  mixing  them  contains  10  per  cent,  of  ash,  and  that 
it  requires  a  maximum  amount  of  32  to  33  parts  of  this  fuel  for  100  parts  of  ore,  and 
24  parts  for  100  parts  of  charges,  to  effect  smelting ;  but  that  at  several  smelters  these 
percentages  are  considerably  lowered. 

24.  That  for  every  100  parts  of  carbon  thrown  in  the  furnaces  with  the  smelting 
charges,  only  40.36 l  parts  reach  the  zone  of  combustion  at  the  tuyeres,  the  balance 
being  oxidized  in  the  upper  zones  to  carbonic  oxide,  chiefly  by  the  carbonic  acid  formed 
in  the  zone  of  combustion,  involving,  as  is  well  known,  an  absorption  of  heat. 

'This  figure  differs  from  that  given  in  the  abstract  of  this  report  published  in  the  Second  Annual 
report  of  the  Director  of  the  United  States  Geological  Survey  (188CM81),  several  clerical  errors  in  Mr. 
Gnyard's  calculations  having  been  discovered  since  that  appeared.  (S.  F.  E.) 


LIST  OF  METALLURGICAL  PLATES. 


PLATE      XXIII. — Circular  furnace.     Smelter  A. 

Fig.  1.  Elevation. 

Fig.  2.  Horizontal  section  at  tuyeres. 

Fig.  :i.  Vertical  section  through  lead-pot. 

Fig.  4.  Horizontal  section  above  water-jackets. 
XXIV. — Reverberatory  furnace  and  dust-chamber.     Smelter  A. 

Fig.  1.  Reverberatory  furnace  in  side  elevation. 

Fig.  2.  Dust-chamber,  vertical  section. 

Fig.  3.  Dust  chamber,  horizontal  section. 
XXV. — Flue  arrangement.     Smelter  A. 

Perspective  view  of  furnaces  and  dust-chambers. 
XXVI. — Rectangular  furnace.     Smelter  B. 

Fig.  1.  Elevation. 

Fig.  2.  Horizontal  section  at  tuyeres. 

Fig.  3.  Vertical  section  through  slag-gutter. 

Fig.  4.  Horizoutal  section  at  charging-floor. 
XXVII.— Circular  furnace.     Smelter  B. 

Fig.  1.  Elevation. 

Fig.  2.  Horizontal  section  at  tuyeres. 

Fig.  3.  Vertical  section  through  lead-pot. 
XXVIII.— Bartlett  smoke-filter.    Smelter  B. 

Fig.  I.  Elevation  of  furnace  and  filter,  with  connecting  pipe. 

Fig.  2.  Side  elevation  of  filter. 
McAllister  charcoal  kiln. 

Fig.  3.  Vertical  section  through  charging-door. 

Fig.  4.  Elevation. 

XXIX. — Rectangular  furnace.     Smelter  C. 
,  Fig.  1.  Elevation. 

Fig.  2.  Horizontal  section  at  tuyeies. 

Fig.  3.  Vertical  section  on  shorter  diameter. 

Fig.  47  Horizontal  section  at  crucible. 

Fig.  5.  Vertical  section  on  longer  diameter. 
XXX. —  Brick  dust-chamber.     Smelter  C. 

Fig.  1.  Vertical  longitudinal  section. 

Fig.  2.  Horizontal  longitudinal  section. 

Figs,  b,  c,  d,  e,f,  g,  partition  walls  between  compartments. 
XXXI. — Fig.  1.  Blast  arrangement  at  Smelter  C. 

Fig.  2.  Elevation  showing  disposition  of  plant  at  Smelter  C. 
XXXII.— Furnace  and  dust-chamber.     Smelter  D. 

Fig.  1.  Front  elevation. 

Fig.  2.  Vertical  section  on  shorter  diameter. 

Fig.  3.  Sitle  elevation. 

Fig.  4.  Elevation  of  dust-chamber. 
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PLATE  XXXIII. — Furnace  and  dust-chamber.     Smelters  F  and  M. 

Fig.  1.  Elevation  of  rectangular  furnace  at  Smelter  F,  showing  patent  tuyeres. 
Fig.  2.  Iron  dust-chamber  at  Smelter  M. 
XXXIV.— Iron  dust-chamber.     Smelter  F. 

Fig.  1.  Side  elevation  of  dust-chamber. 
Fig.  2.  Elevation,  showing  connection  with  furnace. 
XXXV.— Square  furnaces.     Smelter  G. 

Fig.  1.  Smaller  furnace,  side  elevation. 
Fig.  2.  Larger  furnace,  front  elevation. 
XXXVI.— Smelter  6. 

Fig.  1.  General  elevation  of  furnaces,  showing  dust-chambers,  flues,  and  stack. 
Fig.  2.  Section  of  furnace  at  Smelter  C,  showing  zones  of  temperature. 
XXXVII.— Circular  furnace.     Smelter  H. 
Fig.  1.  Perspective  view. 

Fig.  2.  Vertical  section  through  furnace  and  dust-chamber. 
XXXVIII.— Fig.  1.  Dust-chamber  at  Smelter  H. 

Fig.  2.  Jolly's  specific  gravity  spring-balance. 
XXXIX. — Assay  furnace  at  Smelter  H,  in  isometric  projection. 
XL. — Dust-chambor  at  Smelter  J. 

Fig.  1.  Side  elevatiou  showing  round  furnace. 
Fig.  2.  Plan  of  furnaces  and  dnst  chamber. 
XLI. — Blake  crushers. 

Fig.  1.  Horizontal  projection  > 
Fig.  2.  Vertical  section  \  ot  Ecc»ntric  crusher. 

Fig.  3.  Perspective  View  i 

Fig.  4.  Vertical  section     I of  Challenge  crusher. 
XL1L— Blowers. 

Fig.  1.  Perspective  view  i 

Fig.  2.  Transverse  vertical  section  \  BIake'8  rotary  Mower. 
Fig.  3.  Perspective  view  > 

Fig.  4.  Transverse  vertical  section  $Root'8  P°<»tive.bla8t  blower. 
XLIII. — Assay  implements. 

Figs.  1  and  2.  Slag  mold. 
Figs.  3  and  5.  Crucibles. 
Fig.  4.  Scorifier. 
Fig.  6.  Cupel. 

Fig.  7.  Guyard's  specific-gravity  apparatus. 
Fig.  8.  Sieve  for  pulverized  ore. 
Figs.  9  and  10.  Bucking-plate. 
Fig.  11.  Bucker. 
Fig.  12.  Iron  pestle  and  mortar. 
XLIV. — Smelter's  implements. 

Figs.  1,  2,  and  3.  Fuel  shovels. 
Figs.  4  and  5.  Ore  shovels. 
Fig.  6.  Tapping-rod. 

Fig.  7.  Bar  used  for  detaching  accretions. 
Fig.  8.  Curved  bar  for  cleaning  siphon-tap. 
Figs.  9  and  10.     Brick-mold. 
Fig.  11.  Wire  used  in  cutting  clay  in  molds. 
Fig.  12.  Chisel  or  punch  for  taking  assay  bits  from  bullion. 
Fig.  13.  Form  of  assay  bit  taken. 
Fig.  14.  Another  form  of  chisel. 
Fig.  15.  Assay  bit  taken  by  latter. 
XLV. — Fig  .1.  Alden  ore-crusher,  in  perspective. 

Fig.    2.  Disposition  of  furnace,  dust-chamber,  and  blbwer.     Smelter  I. 
Figs.  3  to  7.  Forms  of  bullion  molds. 


INDEX  OF  LETTERS  USED  ON  PLATES. 


A,  crucible. 

A',  interior  of  crucible. 
A",  dam  of  crucible. 
a,  sheathing  of  crucible. 
a',  sheathing  of  lead-pot. 

B,  water-jackets. 
B',  slag-pot. 

6.  fire-brick  above  water-jacket. 

C,  masonry  of  shaft  of  furnace. 
C',  walls  of  shaft  of  furnace. 
I),  chimney. 

D' ' ,  dust- chamber. 

d,  sheathing  on  top  of  crucible. 

E,  stack. 

F,  stack  to  dust-chamber. 
F',  flue  to  dust-chamber. 
G  (G1),  damper. 

H,  feed-holes. 

I,  induction  blast-pipe. 

J,  branch  blast-pipe  from  J. 

J',  iron  jacket  to  furnace. 

K,  wind-bags. 

L,  lead- pot. 

L',  siphon. 

I,  sliding  valve  of  tuyere. 

M,  cold-water  conduits. 

M' ,  hot-water  outlet. 


N,  tuyere. 

n,  tuyere-holes. 

0,  cast-iron  bed-plate. 

0',  vertical  flange  of  bed-plate. 

O",  projecting  horizontal  flange  on  O  (in 

circular  furnaces). 
P,  cast  iron  pillars. 
P1,  feeding-floor. 
Q,  braces  on  C. 
q,  water-jacket  clamps. 
B,  water  jacket  feeder. 
B',  maiu  blast-pipe,  feed  of  7'. 
r,  brackets  on  O1. 

S'  (<S")>  sliding-doors  of  feed-openings. 
s,  outlet-pipes  of  E. 
T,  water-gutter. 
T,  blast-pipe,  feed  of/. 
(,  brackets  of  pillars. 
U,  slag-gutter. 

V,  slag-outlet  in  water-jacket. 
W,  liood, 

W,  chimney  of  hood. 
X,  fore-hearth. 
X',  hearth. 

T,  cold-water  faucets. 
Z,  tap-hole  in  V. 
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KAOLIN  AND  CHINESE  TALC 560 

analysisof 603 

Keck,  Rudolph,  cited 404 

Kellogg,  Samuel  B 8,10 

Keyes,  W.S 459 

King,  Clarence vil,  294, 299 

L. 

Labor  employed  at  smelters,  tabulated 640 

Laccolites 110, 149, 155, 164, 185, 190, 191, 193, 296, 297, 301, 

305, 306 

LADLING-OUT  OF  MELTED  BULLION 667 

Lagorio,  A.,  cited 

Lake  beds 71, 92, 176, 181, 183, 187, 246, 263, 281, 439, 

458,  514,  517,  518 

marl,  analyzed 598 

Lakes,  Prof.  A.,  cited viii,  71, 113, 155, 157, 158, 520, 521, 

526,  527,  528 

LAMB  MOUNTAIN 163 

LA  PLATA  MLN-E • 39° 

smelter  . . .  625,  626,  643,  693,  694, 695,  698,  700,  708,  711 

Lapparent,  A.  de,  cited 570 

Laraniie  Hills,  Paleozoic  formations  in 55 

Lasaulx,  A.  von,  cited 

Lateral  secretion  theory 875 

LATEK  INTBUSIVF.  SHEETS  on  Iron  Hill 382 

Laurentian  in  Rocky  Mountains 45 

LEAD  ASSAYS  at  smelters 635 

combination  in  Leadville  ores 546 

DETERMINATIONS  in  eruptive  rocks 577 

in  eruptive  rocks 578,  591 

lost  in  fumes 717 

Leadville  Circular,  cited 614 

.Consolidated  Mining  Company 415 


Page. 

LEADVILLE  DEPOSITS 375 

GENESIS  OF 539 

why  in  Blue  Limestone 540 

East 153,157 

elevation  of 3 

geological  structure  nnder 261 

metallic  products  of 15 

origin  ofname 14 

PORPHYRY 76 

position  of  — 3, 5, 614 

routes  of  approach  to 6 

Smelter 708 

view  of,  Plate  II 6 

LeConte,  Prof.  Jos.,  cited 372,570 

LeflBngwell,  W.  H ix,  613 

LENGTH  OF  RUNS  of  furnaces  in  general 668 

atSmelterC 678 

Lesquereux,  Prof.  L 

Leucoxene  in  Archean  schists 49, 51 

Levels  in  smelting  works 626 

LISIE  AND  MAGNESIA  DETERMINATIONS  in  limestone*..  598 

SALTS  in  Leadville  ores 561 

MINE 391 

Lime-sand,  analysis  of 450 

,  Limestones,  analyses  of 596, 646 

not  foimedindeep  seas 54 

I  LINCOLN  MASSIVE 107 

PORPHYRY 78,328 

analyses  of 332,358,589 

lead  in 578,591 

silver  in 579,594 

strontium  in 578 

typical  occurrence  of Ill 

Lithia  in  eruptive  rocks 332, 333, 349,  358 

Lithium,  determination  of,  in  eruptive  rocks 592 

Little  Bartlett  Mountain.... 198 

CHIEFMINE - 465 

Chief  smelter 708,711,722 

Cottonwood  Cauon 309,  310, 31 1 

ELLENHILL 216,500 

EVANS  ANTICLINE 259 

GIANT  MINE 424 

PITTSBURGH  MINE 468 

Platte  Valley 173 

SACRAMENTO  GULCH   151 

SLIVER  MINE 485 

STRAY  HORSE  GULCH 488 

SYNCUXE 253,260,495 

Zion  Mountain 186 

Lizzie  smelter 698 

LONDON  FAULT 135,286,532.533 

Hill 137,140,141 

MISF. 532 

Long,  J.  T.,  cited 141 

|  LONG  AND  DERRY  HILL 508 

MINE 508 

ElDGE 228,245 

Loss  of  bullion  in  smelting 697 

lead  in  fumes 717 

weight  of  smelting  charges 741 

Lottner,  Prof.  H.,  cited 369,371,372,375 

LOVELAND  HILL 130,  528 

LOWER  HENRIETT  MINE 440 

Printer  Boy  Mine 513 

QUARTZITE  68 
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Lower  Qnartzite  on  Fryer  Hill 
WATERLOO  MIXE... 


Page. 
453 
440 


M. 


MCALLISTER  CHARCOAL  KILN 642 

MacFarlane,  Thomas,  cited 626,700 

Machines  used  in  crushing 629 

MCNULTY  GULCH  RHTOLITE 330 

MAIX  CREST  FROM  MOSQUITO  PEAK  TO  MOUNT  F.VAN8.  137 

NORTH  OF  PTARMIGAN  PEAK 182 

Malta  smelter 698,708 

Manganese,  a  good  indication  for  silver I  562 

in  Leadvillc  deposits    547 

Manitou  Park,  bay  in  Cambrian  ocean 22 

Cambrian  formations  in 62 

Manner  of  formation  of  aold  deposits 515 

occurrence  of  eruptive  rocks 295 

Leadville  deposits 375,5)0 

MATCHLESS  MINE 480 

MATERIALS  USED  IN  SMELTING 636 

MATTES 723 

analysis  of 724 

AND  ACCRETIONS,  treatment  of,  at  Smelter  C .  679 

AND  srEigs,  bow  taken  from  furnace 687 

assays  of 725 

defined 723,724 

Melvina  tunnel,  barium  in  porphyry  from 577 

MESOZOIC  formations 70,158 

METALLIC  CONTKNTS  OF  COUNTRY  ROCKS 574 

Metals  in  Pyritiferous  Porphyry,  amount  of 580, 582 

Metamorphism,  contact  and  regional 308 

Metasomatic,  term  defined 565 

Method  of  ore  buying 627 

sampling 428 

Meyer,  A.  R 12,14 

Microcllnein  gneiss 49 

Micro-sections  of  andesite,  figured  on  Plate  XXI 354 

Nevaditc,  Plat*  Vin S8 

porphyrite,  Plate  XX 336 

White  Porphyry,  Plate  VIII 88 

zircon,  Plate  XXI 354 

MIKE  FAULT 180,226 

ABEA  BETWEEN,  AND  IRON-DOMI  FAULT.  244 

Mix* 235 

Mineral  deposition,  time  of 33 

.P"k 117 

Mines:  * 

Abe  Lincoln  (t)  (11-30) 234,260 

Across  the  Ocean  (s)  (K-31) 239,500,501 

assay  of  siliclons  iron  from . . .  608 

Adelaide 406 

analysis  of  carbonate  ore  from 599, 618 

chief  ores  of 616 

daily  output  of 615 

Aerial  Queen  (s)  (E-34) 229 

.Etna  Is)  (T-30and36) 048 

daily  output  of 615 

Agassiz  (s)  (T-3) 251,252,401,487,496 

chief  ores  of. 618 

d.iily  output  of 615 

Alleehany(t)  (D-3) 222 

All  Right  (Chrysolite) 257,455 

Alps 506 


Page. 
Mines—  Continued. 

Alta(t)  (E-24) 220,233 

American  Eagle  (s) 262 

Amie 471 

analysis  of  kaolin  from 560,003 

ore  from 548,600,610 

assay  of  silicious  iron  from 608 

White  Limestone  from 608 

daily  output  of 615 

Andy  Johnson  (s)  (P-l) 240,242,498 

Antelope  (s)  (F-20) 223 

Argentine 405 

daily  output  of 615 

Argentine  (t)  (O-28) 405 

Argo(s)  (R-5) ogo 

Australian  (s)  (G-28) 506 

•A-T 390 

aisay  of  ore  from 608 

Aztec  (s)  (P-54) 497 

Badger  Boy 134,533 

Bangkok  (8)  (P-77) 255,496 

Bank  of  France  (s) 249, 387 

Belcher  (t)  (M--5) 2C9,230,509 

chief  ores  of 616 

daily  output  of <J15 

Belle  Vernon  (s)  (E-42) 233 

Ben  Burb  (s)  (N-21) 387 

analysis  of  chert  from 602 

Ben  Franklin  (t  and  s)  (U-30  and  31) 234 

Best  Friend 211 

Bevis 498 

Discovery  (s)  (P-6) 240 

No.3(s)  (P-S) 240 

Big  Chief  (s)  (T-8) 438 

Big  Pittsburgh 452 

analysis  of  Chinese  talc  from 560 

kaolin  from 003 

ore  from 548,600,619 

Big  Sis  (a)  (K-40) 239,240 

Birdie  Tribblc  (s)  (P-42) 254 

Bismark  (s)  (P-20) 241 

Black  Cat  (s)  (X-23) 249,512 

Black  Cloud  (s)  (E-5) 2JJ 

Black  Prince  No.  3  («)  (G-49),  No.2  (s)  (G-52)...         224 

Blacksmith  (s)  (C'rcucent) 431 

Blacktail  (t)  (11-40) 

Blind  Tom  (s)  (T-47),  Carbonate  Hill 252,413 

(B)  (O-51),  Iron  Hill 250 

Bloomington  (s)  (E-9) 222 

Bob  Ingersull  (a  and  b  h)  (S-56) .'. 262,267 

Bobtail  (s)  (P-40) 241 

Boettcher  (t)  (Q-20) 258 

Bosco  (8)  (K-28) 239,500 

(8)  (1-12) 258 

Bonlder(i)  (K-8) 225 

Boulder  Nest  (s)  (P-8) 240,498 

Breece  Iron  (K-39  and  L-36) 237,499 

analysis  of  ore  from 617 

assay  of  Hematite  from 608 

daily  output  of 615 

Brian  Born  (s)  (M-37) 232,511 

Brick  Top  (6)  (1-4) 258 

Broadway  (8)  (T-34) 412 


*  Under  this  entry,  s,  signifies  shaft;  t,  tunnel;  i,  incline;  b  h,  bore  hole.    The  letters  and  numbers  (e.  g..  M-36) 
denote  the  location  on  the  Leadvillo  map. 
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Brookland(8)  (T-6) 430,438 

Buckeye 461 

Buffalo(s)  (P-80) 260 

Buncombe  (s)  (Q-13) 258 

Burt  (s)  (M-13) 234 

Caledonia  (s)  (G-59) 225 

Caledon  ian  (t) ,  Long  and  Deny  Hill 228 

California  (t)  (T-48) 413 

California  Eose 228 

Campbell  (E-25  and  E-26) 229 

Camp  Bird  (t)  (0-27)  (Argentine) 401, 404,  405 

daily  output  of 615 

Capitol  (s)  (F-57)  223 

Carbonate  (i)  (T-31  and  32) 416 

analysis  of  dolomite  from 646 

daily  output  of 615 

Carbonate  King  (s)  (Q-36),  Prospect  Mountain..  259 
Carbonate  No.  2  (s)  (Q-37),  Prospect  Mountain..  259 
Carboniferous,  No.  1  (s),  No.  5  (s)  (Chrysolite)...  457,461 

Cardinal  (s)  (Q-39) 258 

Catalpa(s)  (T -24  and  27) 431,443 

assay  of  limestone  from 608 

chief  ores  of 016 

daily  output  of 615 

Catawba(t)(Q-»l) 259 

CharlieP.  (t)  (L-28) 234 

Chemung(t)  (K-5) 224,268,502 

Chicago  Boy  (s)  (P-67) 260 

Chieftain  (t)  (P-43) 238,  244, 254, 497 

daily  output  of 615 

Christian  Aid 529 

Chrysolite 455 

analy  sis  of  hematite  from 557, 602 

assay  of  black  iron  from 608 

lime-sand  from  608 

chief  ores  of 616 

daily  output  of 615 

City  Bank 249,387 

City  of  Paris  (s)  (0-52) 250,385 

Clara  Dell  (s)  (P-10) 242,244,. 

Cleopatra  (or  End  Squeeze)  (s)  (F-12) 215 

Cleveland  (s)  (G-27) 226,506 

Climax 475 

assay  of  black  iron  from 608 

White  Limestone  from 608 

daily  output  of 615 

Clontarf 438 

Codfish  Balls  (O-37)  245,248,384,402 

Coffee  (t) 228 

Colonel  Sellers  (s  and  b  h)  (O-8) 247 

Colorado  Chief  (s)  (Chrysolite) 458 

Colorado  Prince  (G-43  and  47) 503 

daily  output  of  615 

Colorado  Springs 120,526 

Columbia  (t)  (O-49),  California  gulch 250,384,388 

(s)  (Q-25),  Prospect  mountain 260 

Combination  (i)  (Carbonate)  (T-32) 417 

Cotuiqne  (s) 461 

Commercial  Drummer  (tJ-1) 24fl 

Comstock  (s)  (L-17),  Breece  Hill 236 

(t)  (L-33),  California  gulch 234 

silver  in  porphyry  from 594 

Continental  (s)  (M-50) 246 

Coon  Valley  (s)  (N-22) 387,512 


Page. 
Mines  —  Continued. 

Copenhagen  (s)  (Q-43) 259 

Cora  Bell  (s)  (P-78) 255,496 

Cordelia  Edmonston  (s)  (P-41) .241.254,497 

Crescent  (i)  (T-26) 430 

assay  of  py rolusite  from ^ 008 

chief  ores  of 616 

daily  output  of 615 

lower  shaft 444 

Crescentia  (s)  (0-50) 250,388,430 

Criterion 118,129,525 

Cullen  (s)  (P-57) 497 

Cumberland  (s.UL-32)  225 

Curran  (s)  (G-56) 502 

Cyclops  (s)  (T-l) 268,496 

D-4(s) 222 

Daly  (it 467 

Dana(s)(M-3)  (Long  &  Derry) 230,509 

Dania  (s)  (P-30) 241 

Dauntless  (s)  (C-12  and  13) 217 

Day  (bh)  (O-14) 242 

Deadbroke(t)  (T-16) 102,252,412 

Deer  Lodge  (s) 475 

Del  Monte  (s)  (P-45)  254 

Denver  City  (s)  (P-82) 244,255,456,495 

Devlin  (8)  (0-29)  245,250,401 

Dolly  Varden 117,523 

lead  in  porphyry  from 59J 

silver  in  porphyry  from 594 

Dolphin 488 

Dome(i)N-17)  389 

daily  output  of 615 

Dominion  527 

Doable  Decker  (P-47  and  48)  408 

daily  output  of 615 

Douglas  (s)  (R-lo) 260 

Dunkin  (s)  (S-8) 478 

assay  of  lime-sand  from 608 

Orefrom 608 

chief  ores  of 616 

daily  output  of 615 

Dwight 522 

Dyer 213 

chief  ores  of 616 

E-18(s) 222 

E-20(s) 222 

E-21(s) 221 

EatonNo.  2(s)  (Q-10) 456,457 

Echo(s)  (N-3) 272 

Eclipse  (t)  (M-7andM-9) 232,513 

No.2  (s)  (M-8) 234 

ElCapitan 534 

analysis  of  ore  from 602 

lead  in  porphyry  from 591 

ElizaNo.  1  (s)  (G-58) 224,501,502,503 

No.2(K-3) 224 

Ella(t)  (F-39) 220,233 

Ella  Beeler  (t)  (E-7) 220,221,228,229 

Ellesmere  (B-2) 217 

El  Paso  (s)  (P-65),  Little  Stray  Horse  Park  ....  255,497 

analysis  of  chertfrom 002,607 

El  Paso  (t)  Clinton  gulch 

silica  in  porphyry  from 590 

silver  in  porphyry  from 594 

Emma  (t)  (C-10)    219 
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End  Squeeze  (or  Cleopatra)  (a)  (F-12) 

Equator  (t)  (E-17) 

Ernest 

Esmeraltla  (s)  (1-1) 

Endora  (s) 


Page,    j 

215 
222 
628 
258 
488 

Eureka  (s)  (K-54) 23«,352 

Evening  Star 433 

anal  v  si  s  of  breccia  from 602 

porphyry  from 557 

assay  of  ore  from 008 

chief  ores  of 818 

daily  output  of 615 

main  shaft  (T-21) 433 

No.  5  shaft 435 

upper  shaft  (T-ll) 434 

Excelsior  (s,  (T-12) 118,426,427,526 

F-6(s) 218 

F-38  (t) 233 

Faint  Hope  (t)  (M-2and4) 230,509 

Fairplay  (s)  (P-34) 254 

Fail-view  (s)  (S-54) 257 

Fanny  Barret 528 

FatPuise  (s)  (F-17) 218 

Fenian  Queen  (s)  (K-22) 239 

First  Chance  (9)  (P-37) 241 

First  National  (•)  (E-31) 231,511 

Fitchburg  (i) 225 

Fitz-James  (s)  (?)  (M-54) 235 

Five-twenty  (s)  (L-40)   234,513 

Florence  (s)  (M-17) 231,510,511 

chief  ores  of 616 

gold  ore  in 545 

Forepau^h  (s)  (P-76) 255,496 

Forest  City 486,495 


Four  Per  Cent  (s)  (S-21) 

Forsaken  (Morning  Star)  (S-55a) 

analysis  of  basic  sulphate  from. 

daily  output  of 

Frank  (B)  (L-26) 

Galesbnrg  (Little)  (s)  (K-33) 

Gambetta  (s)  (S-24) 

(Pierson)  (8)  (S-14) 

Garden  City  (s)  (0-48) 

analysis  of  granite  from 


471 
441 

606 
615 

234 

240 

488 

487 

.384,386,388 
591 


limestone  from 557,  602 

Garland  (s)  (Q-33) 258 

Genera  Lake  (s)  (Q-3) 258 

Gildersleeve  (s)  (E-27) 229 

Glasgow  (8)  (K-27) 236 

Glass  Xo.2  (8)  (T-37) 248,427,646 

Glass-l'endery,  analysis  of  dolomite  from 644, 645, 646 

daily  output  of 615 

Globe  (s)  (O-48) 384,386 

G.  M.  Favorite  (t)  (M-44) 232,511 

Gnome  (8)  (G-2) 217,506 

Gneisson  (s)  (La  Plata) 390 

Golden  Eagle  (t)  (K-l) 226 

Golden  Edge 326 

lead  In  porphyry  from 591 

Gone-Abroad  (s)  (T-4) 251,268,496 

Grand  View 394 

Great  Hope  (s)  (K-30) 228, 239, 240,  266,  500,  501 

chief  ores  of 616 

Great  Prince  (a)  (Q-50) 259 


Page. 
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Greenback  (s)  (O-53) 221.496 

Green  Mountain  (s)  (E-12) 222.r>(M 

Greenwood  (s)  (P-14) 242,267 

Grey  Eagle  (t)  (M-53) 235 

Hancock  (s)  (Q-31) 259 

Half.Way  House  (s)  (S-40)  (Henriett) .  440,441 

daily  output  of 615 

Hard  Cash  (s)  (P-31  and  35) 243,245 

(P-46)  245,254 

Barker  (s)  (Henriett) 443 

Hartford,  lead  in  porphyry  from 591 

silver  in  porphyry  from 594 

Hattie  (b  h) 186 

Hazzard  (s)  (S-31) 401 

HecUMs)  (Q-2) 258 

Henriett 253,257.209 

lower    4(0 

assay  of  ore  from  608 

Hercnlanenm  (t)  (E-14) 229 

Hercules 461 

Hibernia(s)  (S-5) 482 

chief  ores  of 017 

daily  output  of 615 

Hidden  Treasure  (s)  (P-7) 241 

Highland  Chief  (L-l  and  G-54) 501 

chief  ore«  of 017 

daily  output  of 615 

Highland  Mary  (s)  (P-52) 238,250,255,401,495,496 

(G-55)   502 

Highland  Queen  (s)  (F-50) 223 

Himalaya  (B)  (E-35)  229 

H.M.L.  (s)  (K-50)  239 

Holdeu  (s)  (P-24) 241 

HomrsUke  (8)  (E-36) 229,538 

chiffon*  of 617 

Hoodoo  (N-4) 272 

Hoosier(s)  (E-19) 222,229 

HoosierGirl  (s)  (G-44) 225,267 

Horse  Shoe  (s)  (Q-9) 247 

Humboldt  (s)  (Q-22) 260 

Hunkidori  (s)  (P-72) 244,255,496 

Hynes  (s)  (Argentine) 396,405,406 

Ida  Nyce  (s)  (S-41) 488 

Independent  (s)  (K-42) 239 

Indiana  (s)  (P-53) 244,254,496 

(P-«4) 255,497 

Irish  Giant  (s)  (T-35) 252,412,417 

Iron  (i)  (0-34, 35,  and  38) 247, 389, 398, 394 

chief  ores  of 617 

daily  output  of 615 

Iron  Duke 234.513 

Iron  Hat  (s)  (O-36) 402 

Ishpeming  (s)  (L-42) 236 

lizard  (8)  (G-3)  217 

Jersey 529 

J.  I).  Grant  (H)  (P-28) , 241,200,498 

J.D.  Ward  (s)  (M-14) 231 

J.  Harlan  (a)  (T-17) 2.12. 4  rj 

Joe  Bates  (s)  (8-36) 40.3,487 

John  Mitchell  (s)  CF-11) 215,218 

Jolly  (s)  (S-55) 441 

Jordan  (t)  (T-14) 2.12,412 

Julia  (s)  (K-62) 529 

K-14  (s) 225,220 
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Kansas 529 

Katie    324 

Katie  Snllivan  (s)  (Q-ll) 258 

Kennebeo  (s)  (P-55) 254,497 

Keno(8)  (0-7  and  11) 242,387 

Kenosba(t)  (M-25) 227 

analysis  of  ore  from 557,002 

Kent  (s)  (L-43) 236 

Keystone  (s)  (K-58) 239 

Kid  (t)  (M-23)  234 

Kit  Carson  (Chrysolite) 257,455 

L-34 228 

L-44 235 

Lady  Jane  (s)  (L-33a) 236 

LaHarpe(t)  (K-12) 220,226 

Lalla  Rooku  (t)  (F-61) 236 

lead  in  porphyry  from 591 

LaPlata  (t)  (N-9) 390 

chief  ores  of 617 

daily  outpntof 615 

LaSalle 529 

Last  Chance  (s)  (G-30  and  31) 267,506 

Last  Rose  of  Slimmer 252 

LauraLynn  (s)  (O-15) 242,402 

Lawrence  (s)  (E-10) 222 

Leavenworth  (s)  (P-4) 242,244,498 

Leonard  (s)  "481 

Liberator  (s)  (Q-12) 238 

Lickscnmdidrix  (s  and  b  h)  (P-68) 255, 497 

silver  in  porphyry  from 594 

Lida(s)  (S-52) 257,261,453 

Lillie  (t)  (C-9) 236 

Lily  (8)  (0-5)  : 242 

Lime  (i)  (0-22  and  23) 391 

Little  Alice  (s)  (K-2) 224 

Annie  (t)  (E-S) 228 

Birdie  (s)  (N-18) 246 

Blonde  (t)  (Q-44) 259 

Champion  (s)  'P-ll) 242,267,498 

Chief  (s)  (S-27,  28,  and  29) 405 

analysis  of  ore  from 544,599,618 

daily  output  of 615 

Christine 531 

Clara  (s)  (Q-63) 259 

Corinne 139 

Daisy  (s) 488 

Diamond  (s)  (T-43) 488 

Ellen  (s)  (G-5) 217,506 

daily  output  of 615 

lead,  &.C.,  in  porphyry  from 590,  591 

Eva  (s)  (S-53)  257,453 

Frank  (s)  (D-2)  222 

Giant 424 

daily  output  of 015 

Harry 325 

analysis  of  porphyry  from 589, 590 

Hercules  (t)  (E-6) 222 

Hoo8ier  (s)  (P-19)  260 

Johnny  (s)  (F-29) 224,503 

Louise  (t)  (K-9) 226  ! 

Maud  (t)  (1-3) 258 

Miami  (s)  (P-58) 255,497 

Nell 427.529 
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Little  Pittsburgh  (s)  (S-22and23)  ...............          468 

analysis  of  chert  from  ........  557,  602 

daily  output  of...  ............         615 

Prince  (3)  (K-32)  .........................  500,501 

daily  output  of  ....................          615 

Providence  (s)  (C-8)  ......................         217 

Hischels)  (G-0)  ..........................         217 

Eosie  (8)  (N-20)  ..........................  250,387 

Schuylkill  (t)  (E-30)  ......................         233 

Sliver  (s)  (P-81)  .............  .....  255,485,495,496 

Stella  (8)  (P-21)  ..........................  241,266 

Willie  (8)  (Q-49)  ..........................          258 

L.M.(s)  (0-42)  ..................................         384 

Logan  No.l  (s)  (P-27)  ...........................  244,412 

2  (s)  (P-23)  ...........................          243 

Loker(s)  ........................................  405,406 

London  .........................................          142 

analysis  of  White  Porphyry  from  .......  142,  607 

Long  and  Derry  (t)  (E-32)  .......................  230,508 

assay  of  ore  from  ...............         608 

daily  output  of  ..................         615 

LouisTell  ....................................         228 

Louisville  (a)  (0-13)  ............................  242,268 

Lovejoy  (s)  (M-29)  ..............................         232 

Lower  Henriett  .................................         440 

MorninzStar  ............................          441 

Printer  Boy  (s)  (M-47)  ..................  228,513 

assay  of  ore  f  ron'.  ............         608 


Waterloo 


440 

analysis  of  basic  sulphate  from    550,  006 

Chinese  talc  from  ..         560 

Lowland  Chief  (s)  (G-53)  ........................         i68 

Lucknow  (s)  (Q-54)  ............................          259 

Lulu  (s)  (G-l)  ..................................  217,506 

M-41  (s)  .............................  ...........          246 

McCormick  (s)  (S-6)  (Big  Pittsburgh)  ...........         483 

McKeon  (s)  (Iron)  ..............................  395,400 

Magnolia  (s)  ...................................  488 

Mahala  (s)  (T-2)  ................................  251,495 

Maid  of  Erin  (s)  (S-38)  .........................  429,433 

analysis  of  basic  sulphate  from  ____  550,  606 

Mammoth  (s)  (E-39)  ............................         231 

MaryAble(s)  (K-35)  ...........................         220 

Mary  Ann  (8)  (Q-51  and  56)  ----  .................         259 

Mary  Ella  (»)  (Q-4)  .............................         258 

Maryland  (R-3)  .................................          253 

Matchlessfs)  (S-7)  ..............................         480 

assay  of  ore  from  ....................         608 

chief  ores  of   ........................          617 

daily  output  of  .......................          615 

May  Queen  (S-4)  ................................          486 

Melvina  (t)  ................  ..................... 

barium  in  porphyry  from  .......  ......  577,  591 

lead  in  porphyry  from  .................         591 

Meyer  (8)  (T-30)  (.Etna)  ........................  410,428 

Mike  (s)  (O-2)  ..................................  235,507 

Mineral  Park  (t)  ................................         523 

Miner  Boy  daily  output  of  ......................         615 

(Kentucky)  (t)  (G-42)  ...............  503,505 

No.  1,  (s)  (G-50)  ....................  503,505 

2,  (s)  (G-51)  ..................  503,504,505 

3,(s)  (G-48)  .....................         603 

Minnehaha(M-15andl6).(s)  ....................         230 
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Minnie,  analysis  of  ore  from 556 

Minor  (t)  (M-ll) 231,511 

Modoo 42T 

Montana  (s),  silver  in  porphyry  from 

Monte  Cristo 

Montgomery 

Moonstone  (s)  (P-32) 

Moose 522 

Homing  Star  (s)  (T-9, 10,  and  22) 436,441 

analysis  of  basic  sulphate  from. ..  550, 606 

Chinese  talc  from 603 

kaolin  from 500 

assays  of  ore  from 608 

chief  ores  of 616 

daily  output  of 615 

Mountain  Boy  (s)  (K-60) 237,498 

Lion  (s)  (Q-21) 192,258,529 

Mount  Carbon  (t)  (E-4) 

Moyamensing  (s)  (S-12) 487,495 

Mudsill 531 

Mystic  (s)  (K-9) 261 

Nestor  (s)  <M-28) 232 

Nettie  Moignu  (s)  (K-38) 240 

Nevada  (t)  (F-14) 218 

New  Discovery  (s)  (S-35,  36,  37,  and  42) 462 

analysis  of  Chinese  talc  from 560,603 

kaolin  from 560 

assay  of  silicious  iron  from 608 

New  Waterloo  (s)  (Morning  Star) 441 

New  York 142,531 

analysis  of  White  Porphyry  from 607 

Nightingale  (t)  (M-33) 234 

Niles-Augusta 443 

assay  of  ore  from 608 

Nisi  Prius  (s  and  t)  (N-7, 8,  and  10) 246, 512 

Nora  (s)  (K-23) 239,500 

Norcom  (s)  (Q-55)  . ; 259 

North  Bull's  Eye 389 

Star  (North  Peak  ridge) 100,520 

(8)(E-23) 220,233 

Northern  Light 129,528 

analysis  of  porphy rite  from 589 

Now-or-Never (s)  (M-49) 227.233 

O-6(s) 242 

O-lO(s) 242 

0-12(8) 242 

Ocean  (s)  (F-9) 218 

O'Donovan  Rossa  (s)  (T-44)  252,413 

Ohio  Bonanza 233 

O.K.  (s)  (S-30) 461 

Olive  Branch  (s)  (P-70) 496 

Onota  (s)  (K-56) 239,  332,  500 

analysis  of  porphyry  from  589 

lead  in  porphyry  from 591 

silver  in  porphyry  from 594 

strontium  in  porphyry  from 577 

Ontario  (s  and  t)  (F-50  and  E-51) 222,223,507 

assays  of  ore  from  608 

Oolite  (a)  (S-57) 261,282,265 

OroCity  (s) 249,387 

La  Plata  (t)  (N-9) 271 

Orphan  Boy 529 

P-25 243 

P-29 ". 260 
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P-38 260 

Pacific  (s)(Q-35) 259 

Park  (s)  (O-l  and  4) 227,242,402 

Pearson  (B)  (S-14) 465 

Peerless 533 

Pendery  (s)  (T-38) 236 

Pennsylvania  (s)  (K-19) 236 

Peoria(s) 263 

Peru  (s)  (1-5) 258 

Phillips.: 129,524 

Pilot  (t)  (M-34»nd35) 235 

Pine 401,404 

Pine  Forest  (t)  (D-l) 222 

P.IR-(t)  (L-29) 284 

Pittsburgh  (s) 487,488 

Pocahontas  (s)  (T-40) 262 

Porphyry  (s)  (E-37)  230,509 

Powhattan  (Q-7  and  9) 260 

Present  Help 110 

Pride  of  the  West  (s)  (E-15) 229 

Prince  of  Orleans  (s)  (P-71) 498 

Princeton  (t)  (Q-52) -:••> 

Printer  Boy 234,271,382,513 

discovered 10 

Girl  (t)  (L-39)  ..  236,326 

lend  in  porphyry  from 591 

Prospect  (i)  (T-33) 252,412 

Providence  (s)  (Q-31) 259 

Q-l»(») 258 

Q-45(s) 259 

Q-46(8) 259 

Quandary  (s)  (F-24) 223 

E-4a(t) 260 

Kams(s)  (P-«l) 254,496 

Rattling  Jack  (s)  (F-28) 224,503 

Raven  (s)  (P-«3) 244 

Heady  Cash 508 

Be»dy  Pay 101 

Rebel  Warrior,  lead  in  porphyry  from 591 

silver  in  porphyry  from 594 

Red-Headed  Mary  (s)  (P-22) 243 

Resumption  (s)  (Q-60)    249,258 

Right  Angle  (»)  (P-60) 244 

Robert  E.  Lee 483 

analysis  of  ore  from 548, 619 

chief  ores  of 617 

daily  output  of 615 

Robert  Emmet  (t)  (0-45) 250,495 

(a)  (S-3) 251,406 

(t)  (S-13) 251 

Roberts  (•)  (S-34)  (Chrysolite) 449,459,460 

Robinson 538,542 

Rock(t)  (N-14) 389 

chieforesof 617 

daily  output  of 615 

Rock  Island 528 

Rome  (s)  (Q-6) 260 

Rosebud  (t)  (T-18) 252,412 

Eosie  (s)  (N-20) 250,387 

Rothschild  (s)  (P-9) 242,244 

Rough  and  Ready  (s)  (F-26)  262 

Russia 521 

Rnstin  (s)  (La  Plata)  391 

S-lO(s) 260 
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Sacramento 

Saint  Louis  (8) 

Saint  Mary's  (a)  (1-39) . 
Sammy's  Barrel 


Page. 

530 

250 

429 

£21 

Sangamon  (t)  (M-24) 232,511 

Sappho  (s)  (P-13) 241 

Scooper(8)  (P-44) 254,267,497 

analysis  of  ore 551,602 

assay  of  ore 608 

daily  output  of 615 

Seek-no-Further  (s)  (E-38) 231 

Seneca  (s)  (S-39) 218 

Sequa  (s)  (S-58) 261,262,263 

Shamus  O'Brien  (s)  (P-73) 255,324,496 

Sheuango(s)  (P-16) 243 

Silver  Basin  (s)  (P-33) 243,244 

Cloud  (s)  (K-59) 236 

Cord  (s)  (0-24) 392 

analysis  of  basic  sulphate  from 606 

Pilot(s)  (H-8) 261 

Star  (s) 412 

Tooth  (b  h)  (G-45) 225,266 

Wave  (8)  (0-32a) 384,389,391,394 

analysis  of  Blue  Limestone  from. . .         596 

daily  output  of 615 

Slim  Jim  (s)  (G-46) 225 

Sliver 456 

Smuggler 391 

daily  output  of 615 

Snowbird 233 

lead  in  porphyry  from 591 

Snowstorm  (s)  (P-50) 255 

Soda  Card  (s)  (M-20) 234 

South  Bull'sEye ._ 392 

Spotted  Tail  (s)  (1-2) .' 258 

Stars  and  Stripes  (t)  (M-19) 232 

Stillwell(t)  (K-ll). 220,226 

Stone 390 

StonewallJackson  (3)  (S-15) 487 

Sullivan  (s) 387 

Superior  (»)  (K-61) 237,498 

Surprise  (a}  (S-2)  (May  Queen) 486 

Swamp  Angel  (t)  (T-15) 252,412 

analysis  of  Chinese  talc  from 560, 603 

Sweet  Home 527 

Swing  (t)  (Q-42) 259 

T-46 252 

Tanner  Boy 527 

Tenderfoot  (s)  (G-26) 226,506 

Terrible 401,408 

Texas  Boy's  Chance  (s)  (1-15) 258 

Eanger(I-T) 25S 

Theresa  (s)  (K-57) 237,499 

Thespian 427 

Thin  Space  (s)  (1-6) 258 

Third  Term  (s)  (S-44) 261 

Tiger  (s  and  b  h)  (E-22)  (K-47) 220, 222, 239, 507 

Tinker  (s)  (E-43) 233 

Tip  Top  (3)  (P-75) 255, 485,  496 

Tootie  Gaylord  (8)  (K-46) 239 

Triangle 456,457,402 

Tribune  (s)  (L-ll) 236 

Tucson  (s)  (0-20) 396,  3!<8 

daily  output  of 615 
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Uncle  Sam  (s  and  t)  (F-32  and  33) 224,259,260,503 

Union  Emma  (s)  (P-79) 258,496 

United  States  Mint  (s)  (G-38) 226 

Uranus  (s)  (K-53) 239 

VanderbUt  (s)  (S-25) 465,487 

assay  of  silicious  hematite  from 608 

Tining  (s)  (N-19) 249,386,387 

Virginius  (s)  (S-9) 477 

chief  ores  of 617 

daily  output  of 615 

(t)  (G-24) 506 

Vulture  No.  1,  2  (S-45  and  50)  (Chrysolite) . .  .455-457, 460 

Wall  Street  (s)  (G-I) 217 

Ward  (s)  (Adelaide)  (0-17) 404, 407, 408 

Washburne  (s)  (T-29) 262 

Waterloo  (s)  (S-»8) 440 

analysis  of  basic  sulphate  from 550 

granular  quartz  from 557,602 

ore  from 544,  599, 608 

Wednesday  (t)  lead  in  porphyry  from 591 

Weldon  (s)  (T-41) 262 

West  Shamrock  (i)  (Carbonate) 416 

WhiteCheck  (s)  (K-^8) 239 

White  Cloud  (si  (K-15) 225 

White  Prince  (s)  (K-36) 240 

White  Eabbit  (s)  (P-17) 241 

WildCat(s)  (T-28) :.         443 

William  and  Mary  (t)  (P-12) 241 

William  Wallace 427 

Wilson  (s)  (M-38) 232,511 

Wionemuck  (s)  (Little  Pittsburgh). 471 

Wolfe  Tone  (s)  (T-5) 251,252,439,495 

Woodruff  (s)  (P-15) 243,244 

Wright  (s)  (P-74)  (Denver  City} 255 

Wynan  (s)  (M-12) 234 

Yankee  Doodle  (T-20  and  25) 425 

daily  output  of 615 

Yates  (s)  (F-66) 220 

Young  Caribou  (P-59) 255 

Ypsilanti  (s)  (S-46)  488 

Zulu  King  (X-24) 249 

MIXE8  AXD  PROSPECTS  IX  THE  LEADVILI.b  REGION  ...  493 

OUTSIDE  THE   LEADVILLE  HE- 

GIOS 519 

where  mentioned  in  text.    (See 

MIXES.) 

Mine  workings  of  Carbonate  Hill,  northern  group. .         429 
southern  group ..         414 

FryerHiU 445 

Iron  Hill 389 

North  Iron  Hill 405 

Mode  of  formation  of  Leadville  deposits 378, 565 

Moesta,  Dr.  F.  A,  cited 549,551 

Moisture,  estimation  of,  by  smelters 635 

Molybdenum  in  furnace  products 721, 723 

Monte  Amiata,  Tuscany,  trachyte  from 321 

MOKTECniSTO  MINE 520 

Montgomery  quarry  dolomite,  analyses  of 643 

town  of 96,521 

MOOSE  MIXE 522 

MORNING  STAU  FAULT 411,438,441 

MINE 436,441 

MOSQUITO  FAULT 181, 184, 198, 211, 285 
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MOSQUITO  FAL'LT,  AUEA  BETWEEN,  AND  BALL  MOUXT- 

AIN  FAULT 

AREA  EAST  OF 

map  explained 

Pass 

road 


Page. 

215 
209 
90 
137 
130 

Peak 139,142 

Porphyry 83,96,113,125,327 

RANGE 

age  of  uplift  of 31 

amount  of  displacement  in 39 

dynamic  movements  in 32, 35 

geological  history  of 30 

topographical  description  of 27 

volcanic  rocks  in 39 

section  of  Paleozoic  formations 57 

Mottled  porphyry,  why  so  named 383 

Mountain  elevation ,  theory  of 24 

STRUCTURE 24 

Mountains  and  peaks: 

Arkansas 200 

Baldbead 135 

Ball  219, 221, '."j:! 

Bartlett 198,199,201 

Bross 115 

Buckeye  (peak) 193 

liuckskin 124,125 

BnSalo  (peaks) 28,175,302 

Cameron 115 

Chalk  194,302 

Democrat 124 

Dyer 150,212 

EastBall 215 

Evans 139,214 

Gemini(peaks)  141) 

Green 222,507 

Lamb 1*3 

Lincoln '. 107,110 

Little  Bartlett 198 

Little  Zion 18« 

Mosquito  (peak) 139,142 

North  (peak)  98 

Peerless 159,182 

Prospect 184,257 

Ptarmigan  (peak) 182 

Quandary 98 

Sheep 1«8 

Sheridan 182 

Sherman 159,210 

Sih-erheels 105 

South  (peak) 174 

Spanish  (peaks) 306 

West  Dyer 214 

Sheridan  212 

Weston's  (peak) 1T2 

Zion 186 

MOUNT  Zibx  PORPHYRY 76,185,323,326 

analysis  of 326,358,589 

Mum  in-  Mountains,  Ireland,  granite  in 309 

MUFFLES,  used  in  assaying 633 

Murray,  John,  cited 54 

Muscovite,  alteration  product  of  biotite 324, 325, 357 

feldspar  in  sand- 
stones    68 


N. 
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NEVADITE 87,  ]95, 201, 205, 300, 303,  345,589 

analysis  of 349,358,589 

definition  of 345 

figured 88 

metallic  contents  of 581 

sanidine  from,  figured 348 

topaz  in 87,347 

i   Newborry,  Prof.  J.  S.,  cited 54,372,568 

!  NEW  DISCOVERY  MINE 462 

New  metal 714 

Nickel  in  Leadville  ores 547,720,724 

separation  from  cobalt 721,723 

Nigrine  in  amphibolite 50 

NlLES-AUOUSTA  WISE 44:! 

i  NON-ABSORPTION  OF  SEDIMENTARY  ROCKS  BY  ERUP- 
TIVE MASSES 308 

j  No  Name  pilch 189 

Non-conformity  by  erosion  in  Paleozoic 01, 188 

NORTH  IRON  HILI 248,401 

MOSQUITO  AMPHITHEATER 125 

SECTION 131 

Peak  ridge 98 

NOTES  UPON  METHODS  OF  ANALYSES 589 

THE  IlENKY  MOUNTAIN  HOCKS 359 

O. 

Ohio  and  Missouri  smelter 625, 626, 69.1,  694, 695, 698, 708, 

711,712 

OLDER  ERUPTIVES 323 

ORE  BEDS 648 

BUYING 627 

currents,  direction  of 571,57:1 

Deposition,  previous  to  faulting 399 

on  Iron  tiiult.  secondary 400 

DEPOSITS      '. 367 

GENESIS  OF  LEADVILLE 5)9 

manner  of  occurrence  of 540 

ni'Mr  of  formation  of 565 

on  Carbonate  Hill 411 

Fryer  Hill 451,490 

N'otth  Iron  Hill 404 

leplacement  of  limestone 406,407 

scientific  study  of 368 

PROSPECTS  IN    UNEXPLORED  AREAS    "]- 

ORES  AXD  VELX  MATERIALS,  composition  of 543,599 

annual  consumption  ol'.ltv  Mnt-lters (KIT 

deposited  as  sulphides 562 

of  chief  mines  described 616 

ORIGIN  OF  METALS  in  Leadville  deposits 379, 569 

BEHPENHNE 282 

structure  in  eruptive  rocks 320 

Orthoclaso  in  porpbyrite 336,339 

Orthoclastic  and  plagioclasttc  rocks 304 

OTHER  GROUPS  OF  MINES 493 

Outcrop  deposits  richer  than  thoso  in  depth 554 

Output  of  Leadville  mines,  tabulated 615 

P. 

PALEOZOIC  FORMATIONS 53,277 

orein 541 

sections  of 57,133,166,213,381 

Park  city .' 131 

province 291 
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Park  Range,  propriety  of  name 23 

PARKS  of  Colorado,  geological  structure  of 22 

PARTING  QUARTZITE 61,453 

Patent  tuyeres  at  smelter  F 682 

Peale,  Dr.  A.  C.,  cited ii06,  342 

PECULIAR  ACCRETIONS 730 

analyses  of 730,731 

Peerless  Mountain 150,182 

Pegmatite,  age  of 52 

defined 45 

PESHEHY  FAULT 411,428 

PENNSYLVANIA  HILL 135,137,138,144 

Percy,  Dr.  John,  cited 550,551,732-737 

Permo-Carboniferous 69, 71 

PETHOGK APHY,  by  Whitman  Cross 319 

Phillips,  J.  Arthur,  cited 372 

Phyllitein  Archean 51 

Pigtail  gnlch 234 

Pike's  Peak  excitement 8 

Pilot  fault 227 

Piney  Creek 189 

River 7 

PLACER  DEPOSITS 515 

PLANT  AND  SMELTING  OPERATIONS  in  general 659 

of  individual  smelt- 
ers          669 

OFSMEI.TERS,  tabulated 639 

COST  OF 620 

Plateau  region 289 

PLATTE  AMPHITHEATER 94 

glacier 106 

Plates,  where  described  or  referred  to : 

I  (frontispiece) 210 

II  5,6,140 

III 28,149 

IV 52,94,124,200 

V 60,70,134,177 

VI 64,280,384 

VII 84-86, 134,  JOO,  338,  339 

VIII 87,346 

IX 91,94,95,107,117 

X 98,99 

XI 111,112 

XII 113,114 

XIII 128,527,529 

XIV 131,132 

XV 37,147,148,152 

XVI 37,153,154 

XVII 153,158,160 

XVIII 37,164,165 

XIX  195,196 

XX 336-339 

XXI 330,354 

XXIJ 420,428,435.441,560 

XXIII 666,670 

XXIV 671 

XXV 6G9-671 

XXVI 659 

XXVII  661 

XXVIII 642,  673 

XXIX 664,676 

XXX 678 

XXXI 627, 651,  664,  67*,  677 

XXXH 676,680 

XXXIII 682 
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XXXIV 682 

XXXV 684 

XXXVI 685,739 

XXXVII 666,687,688 

XXXVm 635,688 

XXXIX 632 

XL 689 

XXI 630 

XLII 636,662,663 

XLin 632-635 

XLIV 657,666,667,677,685,686 

XLV 632,678,685,686,692 

Pogonip  limestone,  fauna  of 62 

PORPHYHITE 85,334 

analyses  of 340, 358,  589 

defined 75,319 

dikes 124-126,134,160,200,201 

figured 84 

lead  in 578,591 

silver  in 579, 594 

strontium  in 577 

Porphyry  bodies  causing  swelling  out  of  strata 104, 156 

form  of,  indeterminable 584 

possible  contents  of 582 

Posepny,  F.,  cited 371,374 

POST-GLACIAL  FORMATIONS 72 

Pre-existing  cavities,  ores  deposited  in? 371,373,374,378, 

394,  467, 563,  567 

PRELIMINARY  CONDITIONS  OF  SMELTING 614 

Prime,  Fred.,,]r 371 

PRINTER  BOY  HILL 231.510 

porphyry 234, 382,  513,  514,  516 

PROCESSES  OF  ALTERATION  of  Leadville  ores 550 

smelting,  conclusions  in  regard  to  ...         745 

Production,  tables  of,  of  metals 16,18 

PRODUCTS  OF  SMELTING  692 

Profits  of  smelting  (per  24  hours) 669 

PROPERTIES  OF  SLAGS 702 

PROSPECT  MOUNTAIN 184,257 

Ridge 215 

Pseudomorphs  of'cernssite  after  galena 452 

Ptarmigan  Peak,  main  crest  north  of 182 

I  PULVERIZATION  of  ores  for  assaying 632 

Pumpelly,  R.,  cited 372-375 

Pyrite,  analysis  of *. 550 

in  White  Porphyry 495,499 

original  in  Pyritiferous  Porphyry 82,327 

replacing  fossils 177 

PYRITIFEROUS  PORPHYRY 82, 222, 233, 235,  326 

areaof 532 

barium  in 577,591 

distribution  of,  in  Leadville 

region 208 

gold  in 579,594 

lead  in 578,591 

metallic  contents  of 580,  582,  583 

silver  in 579, 594 

PYROXENE-BEARING  HORNBLENDE- ANOESITE 353 

Q. 

QUANDARY  PEAK gg 
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